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EXPLANATORY PREFACE. 


The study of Plant-life has, for many years, been one of the 
keenest and most unfailing pleasures in my life. 

The companionship of all the green things on the earth has 
always been felt by me to be a very real one; and the 
loneliest of country walks becomes bright and cheerful when 
one’s little friends peep out from the hedge-rows, or look up 
from the short downland grass as if expecting a nod and a 
word of recognition and greeting. 

I took the trouble, during one summer, to become person- 
ally acquainted with every species of the umbelliferous family 
which grew anywhere within reaclj. No very easy task ; but 
I have been amply rewarded by the pleasant conviction that 
they are my fast friends for life, and warmly appreciate my 
discriminating glance of recognition, in place of the usual 
careless look and hasty generalisation under the very com- 
prehensive (as thus applied) term of “Hemlock ! ” 

It is, however, worth while trying to know something more 
than the names of one’s little friends ; to enter into their 
lives, and to understand their constitution and manner of 
growth; to appreciate their marvels of mechanism and 
symmetry, and to ti'ace out the same laws and the same 
central plan and idea running through their simj)le existence 
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and our own mort‘ coiiiplox lilV. ddu' plrasuro ot. thewe wtiidies 
and observations is a specially wholesonn' and elevating one; 
it braces, and yet sootlies; it carrirs ilie mind away Itoui 
itself and its owm narrowin‘ss, and l(‘a.ds it out into llie broad 
and breezy fields of naiural seimu’^s whosi*. woiuhn's and 
delights are (wau’ :mwv, and can mwM'r wt‘ary or pall, for they 
an* inf5iui,(‘. ljik(‘ all pun^ and wliolesomt» ph'asuu's, iliis one 
soon pruinpls the mind wdiich enjoys it to S(‘(‘k for slianu’s in 
its happiness. It is so natural and right to desire that others 
should sympathise and enjoy witb us. 

(Jluldren are very near to Mother Naluia^’s lu^art. She 
loves tliom, and they return ln‘r lovo wiiJi a delightful, ardent 
airect.icn. (Jould anything he (‘asitu’ t han to inbun^st a little 
chihl iu botany, if oidy om‘ dot^s not- use. hard, incxHupro- 
hensibU^ l,(‘rms, a.nd if out' allows llu^ young ey(‘s and lingtu’s 
to work for thmnsidves ? ^’et how many littb^ village ehildreu, 
wandering tlirougli, count ry lanes ami (ields, miss llu^ {)recious, 
simples pleasures, im^sl Imal)ly iHuiencial in t ludr purifying, 
idevating, and l)roadening (db'cts upon the mimi, wliicli lie 
scat tei’cd along their path, in every lit, tie wissl and waysiiks 
ilowau* ; eacli ono, of whi(di, right, ly understood, is like a 
luiautiful story or poem, ti>ld in Mothm’ Natmreb own attrac- 
tive. fashion. 

Tills pleasuiH^, at. least, mu‘d not. lie eonliiied to (‘hiklreii 
born ill the so-called ‘bipjau' classes”; amh with these: 
thoughts in my miml, I liegan, in my leisiir«‘ moments, isarly 
on<^ spring, t.o make! <!ar(‘fnl not, os and pi'eparat ions for a 
course of lessons to village, chihl ren, wdiich 1 hopixl might 
awoikeui their int(*rest. in the dea,r gremi waudd around them, 
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her at work, intelligently, and with a fair hope of compre- 
hending her. 

The lessons were given in the summer of 1 894 to a small 
class of village children, boys and girls ; and the result 
encouraged me to believe that, with a little help and teaching, 
a little patient guidance, and a spark of enthusiasm on the 
part of some leisured lover of Nature, many a little soul might 
be led to make a friendship with the Great Mother ” which 
should last its life, much to its own happiness and advantage. 

In the hope that some may be induced to undertake this 
charitable work, and may find my simple programme for a 
first course of lessons useful, I have amplified my notes and 
written them out in a more or less complete form, as they 
might be delivered. I may ventiire to suggest that it is my 
experience that anything which appeals to the eyes, as well 
as to the understanding, will be of the greatest service in 
interesting children and fixing their attention. 

It would be well to procure, if possible, three j)hotographs 
of the same person at various ages, as suggested in the course 
of the first lesson. 

1 found my microscope invaluable ; and keen interest was 
aroused by the gift of a few peas, with the request that the 
children would keep them in damp moss until they germinated, 
and bring them back at the following lesson. 

At the end of each lesson I append a note to the teacher, 
suggesting some small task which might be set to the children 
in the interval between the lessons, as a means of keeping 
their interest alive and of awakening their powers of obser- 
vation. Of course it would be optional with the teacher to use 
these suggestions or not. 
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JMy aini ilir()ni»’hovit tliese pages lias been to attain tlie 
utiiiost siniplicity, so tliat every dt‘tail may be clear to tlie 
mind of a yonng cliikb and at tlie same time such careful 
accuracy ihat notliing learnt here sliall (‘ver have to be 
unlearned. I can only hope that, in some measure- at least, I 
may have suc(X‘eded. 

M. 11. G. 
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HOW PLANTS LIVE AND WORK. 


PART I. 

LESSON 1. 

LIFE AND ITS SIGNS. 

You have come to me, dear children, to hear something about 
])lants. Yon want to know about their life, their habits, their 
needs, and their uses. I think I can promise you it will not 
be dull. I hope to show you how to enter into their lives, 
to sympathise with them, and to enjoy them in quite a new 
way. 

But before coming to this, our own, subject we must talk 
a little about life in general. 

You, children, have something to say about this, for you 
are some of Life’s children, are you not ? In other w^ords, 
you are alive. 

How do I know this ? How can you prove to me that you 
are really living creatures ? 

If I watch and observe you for a little while I shall soon 
have three proofs which will be enough to convince me of 
the fact. 

Mary, what has happened to the sleeves of your frock ? 
Have you. cut a piece off them ? I know they were long 
enough when it was made for you, and now they are right up 
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“ Oh, it's In'caiist* I’m ^rovviniif so fast ! Fvo nearly on t- 
trrowij iny frn('k altoi/rt les’ ! " 

Hum it. is you w!io have altonMl, and noi t!ie frock? You 
grow; that is, \a)ur boily gois lar<j;('r in every direction. 
Does it. altor in any otlior way ? 

rlust lo<»k a moment at. these throe photographs I have 
brought with me. So(' this one first. 

Oh, what an ugly little hahy ! ” 

Well, yes! I ('an’t say mm^h for Die poor little bald- 
lusaded creat ure. Ihit now look at t his. 

IIow swe<‘t ! Wh.at a pretty young lady! ” 

Vtd. slie is tht' V(‘ry same pi*rsou, as the li(tU‘ l)ald~lieaded 
hahy! How she has ('hanged, has she not? You wouldidt 
know her agjiin. 

Now S('e this third pliotograjih. 

It is (juite an old lady with su(*I} a wrinkhMl face. We 
don’t. lik<* it. as w<‘ll as the pn'tty young lady ! ” 

Yvt hIh^ is t h(' same person ; and slu* and t.lu^ little bald- 
!u‘ad(‘d hahy an', oiu' ! lt= is funny, is it not.? 

How ilu'st'. bodies of ours do changi' in appc^aranc'ed Not 
only whiles w(' art' young, and peofih^ say: “How bIio lias 
grown! .1, shouldn’t know lu'r ! ” Hut all t.hroiigli life the 
])rocess of (djangc! g(H's on. 

'rhis is ’wliat is n'ally liappt'ning. All day hmg and eveny 
minute lit.tle tiny parth'les of your body ,'in^ dying. You 
may think of t.lu'in as t!u'. usings of a fi^^ wliicli has burnt 
up a pieci^ of coal or wood and h'avs's bi'liind that wlricdi 
it cannot. us(\ The fire is lik(^ your life; ih(’) whit(^ ash 
is tlu^ us<'<bu[) parth^h'S of your b<.)dy, which must got 
rid of ns (juit^kly as ])(»ssihh\ Your body has many 
most btuuit.iful and wondi'rfiil arrangt'nu'nts for doing 
that. Your skin, with it.s counth'ss tiny invisible! “ ” 

or lit.i.h' optuungs, is om^ of Nat.urci’s plans for carry- 
hur awav all drad. waKf,t^ inai/tnr of our bodicss. Hdiat 
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wise the little pores will be choked, and it cannot do its 
work. 

But now you are half frightened! You think that if 
these tiny particles of your body are dying every moment, 
it is rather a serious business, and you will soon be dead 
altogether I 

Well, so you would be indeed if no new particles to take 
their place were made. 

But every moment you are growing new tissues, as we 
say; making new flesh, new skin, new substance, to take 
the place of the used-up, dead matter which you are casting 
off. In seven years time you will have changed your whole 
body in this gradual way. The one you are wearing now 
will be all dead and gone, and you will have quite a new 
one 1 You see our body is only like a dress for our soul, a 
clothing of substance within which the invisible spirit may 
dwell, and Nature gives us a whole new dress every seven 
years I Only she does it by very slow degrees, so that there 
is no danger of our waking up one morning with a new body, 
which would certainly be startling! We only go on 
gradually, from day to day, shedding our old body in 
many silent ways, and forming daily new tissues ; until 
our friends look at us and say : How you have grown ! ” 
or, “ How you have changed ! I should not know you ! ” 
And here is the first proof which convinces me that you 
live. 

' I see that you grow, 
i And growth is a sign of life. 

II. But now, tell me, children : can we create ? that is, 
can we make something out of oiothing ? 

No. We have not this i)Ower. God has given us the 
power to convert or change one thing into another, but 
not to create. Then, if we are continually casting off dead 
particles of our body and having to replace tliem with new 
substance, what are we to do it with ? 
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It is clear we must take in Hometliini*- for the purpose. 
You can tell me, I am sure, wliat wo take in ? 

What did you have for breakfast to-day? 1 suppose you 
took in ” a fair quantity of both food and drink ? 

Every moment I see your little cliests movinu^ heaving 

gently up and down ; what are you doing ? 

“ Breathing, of course ! ” 

Yes, you are breathing; in otlier words, taking in” air. 
i, Food, water, air. Tliese are tlu^ raw mai-erials, as we may 
say, out of which our bodies are made. 

But is it enough to take them iii, merely ? Is a piece of 
bread and butter or a potato like your lle:sh ? No ; you will 
have to convert or change it, and make it like your 
body, and then add it on to your own subsinncei and so grow 
by it. 

There are two Latin words ad ” and “ dmilh ” ; the latter 
means “like” and the former “to.” 1\;>getlier, you they 
will mean “like unto.” We have a word which comes from 
them. It is a long word, bub I want you to try i.o rememlK'-r 
it. Assimilation, or making like. You must not merely 
take in food for your body, but must also assimilate it, or 
change it into a like substance with the rest of your body, or 
it will be of no use to you. You do this, you know, by your 
organs of digestion principally. 

i The power of assimilation, or of taking in substances, 
J feedmg on them, and “making them like” tlie body that uses 
them is a second sign of life. 

I see that you grow. I see that you assimilate food, water, 
etc., and I am doubly sure that you are alivc^ 

III. There is a third sign of life, however, which I am v(uy 
conscious of in you. It is the one easiest to see, usual ly tlu^ 
f first to be thought of. I wonder if any of you eouUl sit abso- 
lutely still for ten minutes ! I doubt it ! To judge by your 
continual movements, you are very much alive. 

^Motion is a third sign of life. Motion, that is, without 


VOLUNTARY AND REFLEX MOVEMENTS. 


s 


any outside force to produce it. There is no life without 
some movement ; although in Nature there is certainly much 
movement without life. 

If we observe movements in any natural object, and are 
unable to account for them otherwise as being produced by 
a known force or law of inanimate Nature, we are led towards 
the conclusion that they are caused by life, and, in fact, 
that the object is alive. 

I want you to notice two kinds of motion in our own 
bodies. 

(1) Movements made by the will of the person moving; 
as when you lift your arm, nod your head, open your 
eyes. You do these things intentionally, and yon need 
not do them unless you choose. We call these volun- 
tary movements. 

(2) Movements made without the will of the person 
moving; as when your heart beats, your lungs act, your 
blood flows, producing movements in your body which 
you cannot control. I once knew a little boy who said 
he could stop the beating of his heart ; but when chal- 
lenged to prove it with my hand over his heart, he looked 
rather foolish ! 

We call these movements which we cannot control 
reflex movements. 

We have thought now of three signs of life. Three ways 
of proving that you are indeed amongst the number of Life’s 
children. 

What are tliey ? 

Grrowth, Power of Assimilation (you remember 
the meaning of that long word, don’t you ?), and Motion. 
Keep these in your minds. We shall want them when ^ 
we come to prove that plants are — no less than you — really 
and truly alive. 

But now consider with me for a few moments what other 
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earth of ours. Meiitiou any otlior living Ixnngs yon can 
think of. 

(T clog; a fowl; a snake ; a (isli ; an oyslor; a worm.’’ 

^ Good. These arc all forms of animal life. Is their lif(‘- 
quite like ours? They all agr(U‘, with ns in showing tlio three 
signs of life we have spoken of: growth, power oL’ assimila- 
tion, and motion. And tlieir movements arr', of both kinds — 
voluntary (with their will and intention) and I'ellex (without 
their will or control). Let us note sonu^ dilTea-ences, liowever. 
Are worms or oysters, fishes or snakes, warm to your touch, 
like the fowl or the clog? Do they take the care for their 
young that is shown by the hen, wliich hatch(‘.s he.r eggs with 
such patience, or the dog, whicli devotes herself to her help- 
less puppies ? 

Can a hen count, and will she know if you remove one of 
her eggs ? 

Can even a dog use its brain as we can, do difllcult sums, 
or take in ideas of things he has nevm* seen ? "No. II is form 
of life is lower than ours, d.iiat of ii lisli is lowtn* than liis; 
that of an oyster lower still. 

Is there any lower form of living beings, differing From 
these, and less gifted than the eartli-worm ? Yes, iluvre are 
a vast number of animals far beneatli the earth-worm; and, 

: beneath these, we come at last to plant-life ; vegetable 
’ life, as scientific men say. 

The worm, and even the oyster, has the power of move- 
ment at will. The latter opens and sliuts Ids slieil inten- 
tionally and consciously. 

I Plants have no such power, we believe, in spite of curious 
fexamples of reflex action, which we must speak of later on, 
* when I tell you of the sensitive plant, the little lly-catching 
sundew, etc. 

This '‘vegetable life” is, then, on the whole, a lower form 
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Signs we We spoken of : Growtk, Power of Assimilation and ' 
Motion. Looked at tkus, we may see that plants ar y 
our fellow creatures, created, like ourselves, by & 
PatherTHeaven, even though they belong to a lower orm 

of existence than ours. Let us bi S; 

in the spirit of St. Francis of Assisi, who spoke to ® 

word to the elements, as when, on one occasion, 

to be cauterised for some bodily trouble, he begge lo 

fire ” to be gentle with him '. 

SUGGESTIONS TO THE TEACHER. 

. ,e, p«., a.« »u .b.» .. P« 

(The peas might If the children are old enongh, a 

»•“ 

minating pea. 



LESSON IL 

GROWTH. 


You will remember, children, what was the first of tlie tliree 
signs of life which we spoke of in onr last lesson ? It was 
growth, was it not ? Yon have not, I am sure, forgotten 
the little bald-headed baby, and how it grew, so that yon 
could not recognise it. 

Well, we are to speak to-day about the growth of plants. 
But we cannot wholly separate this f rom their assimilation 
of food, or from motion, whicli are to form the subjects of 
future lessons. However, we shall koej) as closely as wo can 
to the subject of their growth to-day. 

Infancy. The Plant in the Seed.--~-lMd, us go right 
back to the babyhood of the plant ; see it in its cradle, so 
speak. Children, how did each of you begin life ? 

As a tiny helpless infant, fed by your mother, did yon 
not ? 

Yes. And the dog, the cat, and the rabbit all began life 
in much the same way, did they not ? 

Now how about a bird ? a fish ? a snake ? 
i They were hatched from an egg you say. So they were. 
And this seems a little more like the beginning of plant-life. 
Let ns take a bird s egg and a seed — that of a buttercup, for 
^ instance and compare them. The egg has a linn shell, and 
I the tiny seed is protected by a horny, shiny, outer covering, 
i which, however, is entirely separate from itself. 

Inside the shell of the egg is a thin skin. 

Inside the outer covering dwells the little seed, wearing a 
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Within the egg itself I find a small speck, which is the 
first beginning or germ of the little bird which is to 
be gradually formed in that egg. 

Cutting the seed open I find one tiny' dot which is the 
minute future buttercup plant, all folded up. 

Closely pressed against the speck in the egg, and ready to 
be '' assimilated,” or taken in by that speck as it gradually 

Pig. I. 

Pig. 2. 


Adieue of buttercup 
opened. The seed •witliiu 
its borny covering. 

Head of buttercup fruit, cut ia Much magnified, 

half to show the achencs* bettor. 

Slightly eiihirgod. 

grows and develops, is the golden yolk, which is the food of 
the tiny bird until it comes forth into the world. 

Round the wee folded germ of the buttercup is a hard, 
white, floury substance, which is the food of that tiny plant 
till it can shift for itself. 

Thus we see that the birdie’s egg and the seed of the 
buttercup bear a striking likeness the one to the other. 

And are all seeds just like this one ? Let ns try. Examine 
a broad bean. Or a pea will do equally well if easier to get. 
The pod, you see, does duty for the protecting shell ; what a 
soft downy lining it has ! Dainty, luxurious bean ! Well 

* Ach.enc is ilie botanical name for a dry, one-seeded vessel, wliicli does 
not split open of itself when ripe; such are the seed-vessels of the buttercup. 
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may the French make their word for comfortable '' well- 
provided-for/’ from their word for a pod ! Could anything 
he more cosy ? Now here is the shiny bean. Help him off, 
please, very carefully with his varnished, skin-coat. What 
do you see inside ? 

Fic. 3 - W lie re is tlio wliito floury 

substance ? Wluu’o tlio tiny, 
dot-liko future plant ? 

Ah, what have you done 
^ ^ now ? No, don’t look so 

"P startled. You ]iavc‘ not broken 
it in two. See, it opens 

naturally by a little hinge, 
and divides into two fat halves, 
with a tiny little body pressed 
between them. 




a. Broad bean with seed* skin re- 
moved, pulled apart to show the 
“ little hinge.” r, Radicle, v. 
Plumule. 

h. Broad bean in half. One of 
the “fat leaves.” 


Can you guess what these 
two thick sides of the bean 
really are ? Perhaps you will 
hardly be abU'. to In^ruwe me 
at firsir, wlien .1 tell you tliat 
they an', only the lirst pair 
of leaves of the young bean 
plant, the rest of wlioso dimi- 
nutive body is scpicezed up be- 
tween them. 

‘‘But they arc^ so fat and 
whitish, and leavc'S are usually 
so thin and gree.M.” 

Yi'S, they arc. fat ; but do 


you not see what their fatness really is ? 


In the buttercup the little embryo, as wo call tlio baby- 


plant, was snrrounded, as we saw, by a lloiiry, white sub- 




THE FOOD Iisr Tim YOUNH HEAN-IM.ANT, 


1 I 

whii-c^ ”). This was i\w. food of Hio tiny plant), yon 
remember. 

But where is the food of tlie little bisaii-plant ? 

All the seed-skill is filhal up with thd (‘.mbryo, or young 
plant ; there is no pei’ispei-m or albumen. Where is th(‘, food ? 

Look at the two thick sides of th(‘. liean, which, as I luive 
told you, arc really tlio first •j)air of h\aves. Tluvre is the food, 
stored away in thc^ little plant itself, in those ((iiaiiit, fat, 
most un-leallikc‘. leaves. 

Can you think of any otlun* seed liio'. the bean ? Have you 
never played with acorns, I wonder, and pretended that the 
two yellow halves of the skinned se(Hl were pats of buttevr ? 
Certainly tliey are most unlike leaves ! Yet such tliey truly 
are ! And, indeed, when any seed divides readily intc'i two 
halves, like the acorn or the bean, you may always suspc'ct 
that they are truly a pair of leavers. But you. want to ask 
sometliing; wliat is it? 

“ We understand wliy those funny h'aves arc fat j but wliy 
are ilu'y y(dlovv or wbiti^? why are tiny not green ? 

Ihis is a wise (jiuNstion, and I must aiiswcu* it mon^ 
later on. I can only just (^xpIain to yon now that the green 
leaves arti the kitchens of the plant, wlierc^ all tlu‘, food is 
cooked at the great sun-(ir(\ Now the food in tiie acorn and 
the bean has already been cooked and prepared by the mother 
plant on whicli the bean or tJie acorn grew ; so it do(\s not 
want cooking again. Therefore tlicse leaves are store- 
rooms, not kitchens, and they stay underground and do 
not turn green. 

There is one more class of seeds tlial. 1. want you to examine. 
Tlie wallflower and tlie turnip, amongst many others, belong 
to this class. Let us take a pod of the common wallflower. 
It is ripe, and splits open of itself, showing the pretty trans- 
parent partition inside, which divides the rows of seeds from 
each, other. The seeds are small, but with care I think we 
can get one of them out of his jacket. 
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Now what do you see ? 

‘‘ Why, it looks like a little plant, witli two thin yellowisli 
leaves, and his tail is turned back like a squiiTeFs, close to the 
edges of the leaves.” 

That little pointed “ tail,” as you call it, is the tiny root of 
the baby plant, and it is funny to sec it tucked up so neatly 
and carefully. The leaves look yellowish-white now, but if 

you had put this little seed 
into the ground and allowed it 
to germinate, they would have 
come out of their brown cover- 
ing not yellow but green. 
Try the experiment and see. 

But now let us examine 
this pretty winged seed of 
the maple, which we must put 
in the same class (from the 
point of view of the provision 
of food for t he little embryo) 
as the wall] lower. 

What do we see here ? 

“ Oh, it is a dear little 
green plant witli its leaves 
so prettily rolled up. But 
where is the food ? Why 
are the leaves green and thin ? 
Bid you not tell us that the 
leaves of the bean wei’o fat 
because they were full of food for the little plant, and whiter 
because the food was already cooked ? But these leaves 
are green and thin ; how will the little plant live then ? ” 
Patience, children, and I will answer. You are right ; this 
poor little plant is apparently less well provided for than the 
comfortable buttercup embryo in its bed of albumen, or tlie 


Fig. 4 . 

a ^ 



a. Wallliower seed magnified. 

b. and Embryos of wallliower 
seed germinating ; testa (or soed- 
skin) removed. 


AN INDEPENDENT LITTLE PLANT. 
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laid up for it by its parent plant ; and, like poor little waifs 
and strays of Loudon, it is early turned out to shift for itself. 

But now, observe ; with the necessity of shifting for 
itself Nature gives the capacity, or power, to do so. Why is 
it green, do you ask ? Just because it has got to cook its own 
dinner, and, as I told you, only green leaves can do that. 

As soon as ever it breaks out of its seed-skin, or “gei’- 


Fro. 5. Fra. 6. 



T}jo wiugod of tlie maj^>lo. lOmbryo of luaplo-sood, 

Natiiriil nizo. (iod. To bIiow tlio maiinor of 

folding. 

a. Tip of radiclo. 
h. Tip of coiyl(ulons (or lirBt 
S(‘od-l(‘avoB). 

minates ’’ as we say, those small green leaves will begin work. 
The little root will hurry to x^rovide the raw food out of the 
damp earth, and the green leaves will cook it at the great 
sun-fire, and so the small plant will, from its earliest infancy, 
be self-supporting. 

How wonderfully Nature x)rovides for all her children, does 
she not ? and yet how differently she treats them. Some she 
seems to pet and coddle, sending them into the world with 
sux)plies of ready-cooked food, like the dear, wee, baby fish 
(trout fry) that I once saw, which were hatched each 
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to look about and see wliat a nice place tliis world is before 
lie bad to tbink bow be should get bis dinner. 

Others, again, like this poor little maple, or the wallflower 
seedling, have got to set to work almost as soon as they are 
born ! 

But then, you see, Mother Nature knows what is best for 
each, and fits him for his work and place. 

Now we have spoken of three classes oE seeds. 

Let me see if yon can remember them. 

(i) Those with albumen, like tlie tiny buttercup in his bed 
^of white floury food. These we must call albuminous 
i seeds. 

I (2) Those vnthout albumen, but with ihich seed-leaves, full 
I of stored-up food, like the bean and the acorn. 

I (3) Those without albumen, and with thin seed-leaves, which 
contain no store of food to support the baby plant, like the 
independent little wallflower and turnip. Tliese last two 
classes we must call ex-albuminous, which means ‘‘ with- 
out albumen.” 

But now, children, you must not expect that all seeds 
which you may examine for yourselves will go quietly and 
without giving any trouble into one of these three classes. 

Life’s children are not like that ; they won’t be labelled 
neatly and put away in packets as easily as buttons and tapes. 
Some of them will give you trouble.' 

How would it be if I tried to divide all of you cliildren 
into two classes: ‘‘good ” and bad ” ? James is certainly 
“ good ” and Fred is “ bad,” but what about Tom ? lie really 
is not a good boy, and yet I can’t call him positively bad 
either ; I suppose we must make another class for him. But 
then how about Frank? He is not quite so bad as Fred, 
yet not so good as Tom ; must he have a class to himself 
also? Oh! this won’t do at all. You see it would be 
endless. 


THREE TYPES OF SEEDS. 
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will all agree with one or other of the three types I have given 
yon, but often yon will be puzzled by the way in which one 
class will seem to melt into another. 

There may be a large emhryo with just a little alhemen, as 
in the nettle or the mallow seed ; or a tiny eribryo with rmitlh 
aTbimen^ as we have seen in the buttercup. The leaves of 
the embryo may be very thich^ as with the bean ; rather Jlc^liy 
like those of the sunflower ; or guite thin, as in the case of 
the wallflower. You will find endless variety; but if you 
think of the three types of seeds which we have set before 
us, and try to remember, and also to look for yourselves how 
Mother Nature has provided for each, I think you will soon 
be able to understand something about her plan and intention 
for every little seed you examine, and to see how she has 
fitted and prepared each for his place. 

STJG-G-ESTIOIsrS TO THE TEACHER. 

Let the teacher encourage the children to make a collection of different 
seeds, putting them, as far 'as they are able, after examination, into the 
three classes described in the lesson. 

A reward might be offered for the best collection, best arranged under 
the three classes. 


LESSON IIL 


GEOWTH (continued)— THE CHILDHOOD 
OF PLANTS, OB SEEDLING LIFE. 

After all, in oiir last lesson, we nev('r even saw ovir little 
plant ‘^out of the egg-sliell,” so to speak ; never arrived at 
the first beginning of its growth ! We spent all oiir tinu‘. in 
observing Nature’s preparations for the ]iapj\7 hour vvluoi tlie 
young plant should come forth from its ch'atli-like slc^^p in 
the seed, into light and life, and tlie sunshine and air of tin's 
bright world ! 

We must hasten on now and bring onr little embryo plant 
through the first stage of the wonderful ])rocess(‘s of its life 
and development. 

Germination. — The egg needs warmth, and, in some 
cases at all events (for instance, in that of tlu^ eggs of 
ducks and other aquatic birds) damp, to hatch it. '’.the 
embryo requires both of these conditions to enable it to 

germinate,” that is, to come forth out of the seed as a 
young plant. Also some air is necessary to it for this 
purpose. 

These are the three requisites for germination ; heat, 
moisture, air ; keep them carefully in memory. 

Now let us watch a bean or pea germinate. Idie skin tliat 
covers it breaks (like the chipping of the egg-sliell), a tiny 
white point comes forth, seems to look about it, and qiiickiy 
buries its little nose in the ground. This is the radicle, the 
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se-fititiixig cap to his delicate tip, lest he should injure it as 
burrows with it like a mole. The cap, which is really a 
rt o£ is strong enough to bear the roughness it meets 

bh Do P-Ct expect, however, to be able to see this cap 
th blxo xxaked eye ; you would need a microscope, and then 
^"■cry tilairt slice of the tip would show you the point of the 
ot, axrd tlie kind little protecting cap that covers it. 

Fig. 7. 



a . G onninating poa. h. Germinating pea cut in half, showing 
tine diopression where the head of the plumule rested, a. 


Bnut Ilow does the radicle ” know that he must grow down 
into -tlLe earth to find food and fulfil his duties ? 

A T-i ! Mother Earth herself helps him there ! She gives 
him a. friendly pull. 

Slie is constantly pulling you^ or you would fly off into the 
skjr. A.11 bodies have what we call an '' attraction ” for 
one another, that is, each one pulls the other with greater or 
less force, and this tends to draw them together. 

Thns the growing root is drawn by attraction towards the 
centre of the earth. 


THE CHILDHOOD OF PLANTS. 


witli a bent neck begins to struggle upwards. This is the 
plumule, and is the small beginning o£ the future bean 
plant. Some children I was teaching once used to say : 

“ The radicle is the root 
And ihc pUiniidc is the shootd' 

That helped them to remember, you see. 

But how is it that the plumule grows upwards ? Does 
not the earth pull it too ? Ah ! this is one of tlie secrets of 
Nature. We do not know how the little plant finds strength 
to grow upwards in spite of the earth’s attraction ; but we 
know that the whisper which prompts it to do so is a wise- 
one, for sunlight and air are indispensable to its life. You 
know already that the sun is the great lire, and the green 
leaves the kitchen where all the plant’s food is prepared. 

But until the green leaves are old enough to do the cook- 
ing, what does the baby bean live upon ? 

^ I have told you before of the two thick seed-leaves, witli 
their store of prejiared food. They ]iav(^ no cooking to do, 
for the food is ready for use, stored up in their thick sides ; 
so they do not need sunlight or air, and may be content to 
stay below, unless they should be dragged up out ol' the 
ground by the efforts of that little arching lU'ck wliich is 
trying to uplift the plumule. We call tliat little bent whit(‘- 
stalk the caulicle. 

Why does it arch so ? 

Think. If you have ever played in a hay-lield and been 
buried in the hay, how did you get out? Did you push 
your way out nose first? I expect not. I expect you 
protected the delicate skin of your fac(' by a bent neck 
and back, as the little seedling protects its delicate plumule. 

How does it straighten itself? Well, the undmm^ath 
part of the curved stem sets to work to grow much fa-stcu* 
than the upper part of the cuiwe, and so the stem is soon. 
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explain to you later. At present, I can only say it grows 
faster because it is less exposed to the light. And this 
brings me to the fact, which I can only mention now, that 
growth takes place (with plants) principally at night, because 
there is less light then, and light, whilst it helps the food- 
making business, rather hinders growth. So that which is 
often said of children, is really true of plants, they grow in 
their sleep.’’ - 

But now we must speak of the full-grown plant. 

Imagine the little seedling grown to be a large plant. 
The tiny radicle has branched out into numbers of rootlets 
and fibres ; the plumule has developed into many stems and 
leaves ; the food in the seed-leaves has long been used up, 
and the plant can provide for itself. 

Two duties now present themselves to it as a full-grown 
. plant. They are : 

■r- (i) The duty of laying up a store of food for future 

I use. 

I (2) The duty of reproduction, that is, of producing new 
\plants of its own species, to take its place when it is dead, 
|and carry on the race of beans. 

How the plant makes its food, we are to learn later ; but 
when made, where can it be stored away ? Has the bean a 
storehouse or a barn, cupboards or cellars, where it can lay 
up food ? 

Just underneath the skin of human beings there is a thin 
layer of fat, which is capable of being used for the nourish- 
ment of the body : a store laid by for a rainy day ! Notice- 
how thin we become in illness ; we have used up this store. 
So in plants, just underneath the skin of the stem there is a 
like store of food. This feeds the leaf-buds, and provides 
ready-made food when they want to grow. 

Some plants have large storehouses as well as this. They 
are in all parts of the plant; sometimes in underground 
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of the potato ; sometimes in tlio root, as with t»ho turnip 
or carrot ; sometimes in the stem, as witli tlie sugar-cane. 
Always a special provision has to be made in the seed for the 
new little plant. 

You have not forgotten the buttercup embryo in its bed of 
albumen, or the fat sides of the seedling bean ? but even 
such poor ill-provided creatures as the wallflower’s or tlie, 
maple’s baby plants appear to be, are not really so mother- 
forgotten as they seem. A store of nourishing albumen ims 
laid up in the tiny green ovule or uni'ipe seed ; but before 
the seed had ripened and was ready to germinate, all the 
albumen had been used uj>, and liho tiny plant was thrown, 
as you see, on its own resources. 

All this brings me naturally to the S(‘cond business of the 
full-grown plant, namely : 

THE REPRODITCTION OF ITS KIND. 

In this course of lessons theri‘. is no time to enlor into tliis 
interesting subject, and we can only just mention it luvre. I 
want you, however, to notice the gr(‘at ahoraD'on tJiat takes 
place in the parts of a plant wheji iJiey liave a new duty to 
perform. For I must tell you that those paiis of the plant 
which you call the flower, and from wliich the seeds couk', 
are truly and really leaves, altcu-ed vso as to do a di fin rent 
work. It is strange, it is hardly to b('. b(‘li(‘ved, you think, 
that the brilliantly coloured, and often curiously sliaped 
petals of the flower (the flower-1 (‘.av(^s) are really only 
green leaves, changed so as to be. capal)le of performing 
a different duty. But so it is, and you may liave proof of it 
from your own observation, if you care to use your eyes long 
. and patiently enough. I have myself observ(‘d more than. 
\ one specimen of Trollins, or globe-flower (like a big globe- 
\ shaped buttercup), in which a leaf, half of whicli was yellow 
land petal-shaped, and half green and leaf-shaped, 
l^had grown midway np the stem. Does not this teach us 
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that petals and green leaves are* truly one and the same 

thing, altered so as to 
do a different duty ? 

I think you must 
often have observed the 
little th read“like stamens, 
which are easily seen in 
many flowers, clustering 
together in the centre 
of the blossom, encircled 
by the coloured leaves ; 
and, probably, you have 
often dusted your fingers 
with their yellow pow- 
der, ov pollen. 

In the middle of them, 
and just above the enve- 
lope or covering which 
contains the seeds, stands 
the pistil — the centre- 
piece of the whole flower 
— often looking like a thicker thread, with a small nob at its end. 

These important little organs, whose duties are connected 
with the production of the seeds of the plant, are — strange 
as it may ax')pear — simply modified or altered leaves. 

The subject is intensely interesting, but we cannot talk of 
it this time. If you become really interested in the life- 
history of the plant, the study of its flowers and their marvels 
of beauty and wonderful arrangement may delight you at 
some future time. 

SUGGESTION TO THE TEACHER. 

Let the teacher request the children to make a collection of the various 
roots of plants, dividing them into two classes, viz : 

(1) Those which contain storage places for food (as the onion, the 
bulbous buttercup, etc.) ; and 

(2) Those which have no such arrangement. 

A reward could be offered, as before, for the best collection, if desix'able. 


Fig. 8. 



TroIUna with abnormal leaves, a. a. 


LESSON IV. 

ASSIMILATION. 

We come now to the second of our three selected signs of 
life." 

You have not forgotten our talk about tliis body of ours 
which so constantly needs to be renewed, and liow we Iiave 
to take in food, water, etc., and assimilate or make it 
like the rest of our body ? 

Now we must study the bodies of plants and their organs 
of assimilation. 

What do I mean by an organ? Not an instrument of 
music, certainly, but an instrument nevertheless. 

An “ organ," in this sense, is any part of our body which 
we use for a special purpose, to do a certain work. The eye 
is the organ of sight, tlie ear the organ of hearing, and so 
forth. 

You and I have many parts of our body wliich we only use 
for one special purpose; and as these organs have only one 
work to do, they do it more perfectly than if tlu^y had several 
such oflSces to perform. The number and perfection of our 
organs is a sign that we are high in the “ scale of being." 

[*But you do not quite know what I mean, by this. 

FOOTNOTE FOB TBACHEBS. 

* The portion of this lesson between this bracket and that on page 26 
may be omitted if the lesson is thought too long, or the passage too dilli- 
cult or likely to prove uninteresting. It is, indeed, a parenthesis in this 
place, but it is inserted partly for the sake of preparing tlie way for things 
that must be explained farther on, especially in the second part of this 


THE SCALE OE BEING. 


23 


Imagine, then, that you see a great ladder set up on earth. 
You and I, with all human creatures, are a?t the top ; let us 
go down it and see wliat we shall pass. We come first to the 
monkeys ; so like little men, are they not ? And some of 
them with such a sad, wistful expression, as if they were 
longing for something which they could never quite reach. 
Numberless animals crowd the steps as we go lower down ; 
lions and tigers, dogs, elephants, cows, liorses, sheep and 
goats ; far too many beasts for us to mention by name. Great 
whales come next ; and I notice a kangaroo, with some other 
animals, a little lower down. 

Now we come to the birds ; what a flapping of great and 
little wings ! 

Here are snakes and lizards, and, a little below them, toads 
and frogs. 

Now we have reached the fish. Perhaps you think the 
whales ought to have been here, but their true place is higher, 
as we saw. 

Lower still we come to oysters and snails. 

Here are crabs, and now follow spiders and insects of all 
kinds. I am afraid you think this is unpleasant company ! 
Worms are wriggling at our feet ! 

You will like the pretty starfish better, and the jelly-fish 


book, and partly because it is tbouglit that the first mention of differentia- 
tion in organisms ought to be the signal for a general view — however 
cursory - of that order of ascent in Nature which works upward from the 
wliolly undifferentiated organless Moneron to the highly complex arrange- 
ment of delicate organs which compose the human body. 

I’lie huhlm' simile has been used, rather than that of the branching tree 
(which is recommended by Mr. Cl odd in Ids titorji of Creation,, as giving a 
truer view of the evolution and place of various'lfnf^Torm^TTbecanse it is 
simpler to a child’s understanding, requires less explanation, and gives a 
sufficient idea of the order in Nature for present purposes. 

A few links in the chain, which seem likely to puzzle the cliild, or to be 
unknown to it, have also been omitted in this very general and cursory 
glance through the animal and vegetable kingdoms in their order. 
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and sea-anemones which follow will delight you, as will also 
the little coral-biiildcrs. 

Lower still we find the sponges. 

Below these there are still some forms of animal life, but 
you will be unable to give them names, dliese are like tiny 
balls of perforated shell with, delicate feelers, lloatiug in the 
water; but there are some lower down whic'b look like simple 
lumps of jelly, without form or shape. You can scarcely 
believe that they are indeed living beings. 


I’KJ. 



Amoebaa, highly magnified. Examples of the ‘ ‘ lumps of jelly ” 
at the bottom of tho animal kingdom, without definite form or 
organs. 

Now we are at the bottom of tliis groat ladder of life, or 
scale of being,” as regards the animal world. 

Look again at these sticky lumps of jelly without even a 
definite shape, and with every part of tlieir bodies alik(% and 
no part specially fitted for a special purpose — in fact, without 
organs. They have no mouth, but take in food all over 
them — anywhere! No but they breathe all over tluur 

bodies — anywhere ! Compare them with yourself, «and you 
will easily understand what I said about the number and per- 
fection of our organs being a sign that we are high in tlie 
scale of being. 

But our business is with the plant world and its organs, 
and I only led yon down the scale of animal life because I 
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thought you would see the difference better (in your present 
state of knowledge) between yourself and a shapeless lump of 
jelly, than between a daisy and a fungus ; and would there- 
fore understand better what I wanted to impress upon you as 
to the perfecting and multiplying of the organs of beings as 
we go up the scale of life. 

Side by side with this great ladder of animal life which we 
descended just now, you may imagine another — the scale of 
plant life. 

At the very bottom of these two ladders, plants and 
animals are so much alike that it is sometimes very hard for 
even clever men of science to determine to which kingdom — 
the animal or vegetable — a being belongs. When you think 
of the shapeless little lumps of jelly we found at the bottom 
of the animal kingdom, you will hardly wonder at this, I 
think. 

If we go vy; tlie scale of being in the vegetable world, we 
shall come first to the sea-weeds and Algcv or water-weeds of 
all kinds — the lowest of these like little specks of jelly joined 
together in rows. 

A little higher we come to the Fungi. The mould” 
which grows on your jam and other things, sometimes, when 
it finds suitable conditions, is a tiny fungus, and belongs to 
these. (Even this, you see, is also one of Life’s Children, and 
has its own work to do for her, tliough you may not admire 
it !) A pleasanter member of this group is the mushroom 
which you gather in the fields on dewy mornings. 

Mosses come next ; and above them the graceful ferns. 

Higher up we find pine trees. 

Above these come palms, wheat and barley, grasses and 
beautiful lilies. 

Higher yet are oaks and willows. 

Beautiful flowers, exquisite in colour, shape, and smell, now 
delight us. We choose violets and roses to admire amongst 
them, 


26 


ASRTMTLATTON . 


A little above these the graceful convolvulus twines, and 
tbe primrose puts forth its creamy flowers. At the top of all 
yon will be surprised — but surely not sorry — to find the dear 
little homely daisy as Queen ! 

In these lessons I have not been able to tell yoxi anything 
about the arrangement or classification of jilauls, so you 


Fio. lo. 



A forest of little mould plants growing on a (l<u'.aytMl loaf ; 
seen through the microscope. 


don’t understand the reason for the order in wliicJi we- found 
the plants; but the fact to be remembered is always this: 
that the higher np the scale the being is — whetlier plant or 
animal — ^the more perfect and the more niimeroiis are its 
organs.] 

Certain organs there ai’e, however, wliich all living 
creatures must possess. They are the first to be developed, 
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for they are necessary to the very existence of the i)lant or 
animal. Eemembering all that we have said of the continual 
wearing away of our bodies, and the constant need of review- 
ing their substance, I am sure that you will guess at- once 
tliat I am speaking of tlie organs of assimilation, or, as w(^ 
liad better call them, organs of nutrition, t.1iat is, of 
feeding, because tlieir business is, first to take in food, 
and then to assimilate it. 

Even the little mould-fungus on your jam has these 
organs and knows how to use them. It is true it cannol- 
cook or prepare its own food out of substances found in the 
earth, air, or water, as the plants wii-h green leaves can do ; 
but it knows how to cat and enjoy your jam, or your che(\se, 
or whatever its tiny seixls have lighted upon and foimd t-o Ix' 
suitable, nicely cooked food, ready for it to assimilates ! 

It likes a nice damp atmospluvro to grow in, so, if you 
don't like this small fungus, you iviust keevp your food in a 
dry place, and boil your jam well, covering it cani’ully 
so as to sliut out the air with tlie tiny seeds that float 
in it, and thou you may lioiie to keep yoin* food for your 
own eating ! 

Let us now S(^c which are tliese indispensable “^^oi’gans of 
nutrition.” 

f ' Iliey are three in number. 

(l) The root; (2) The stem ; (3) dlio l(\av(‘s. If, hy way of 
illustration, we compare a -jilant tf) a h()ns(.'> full of hungry 
people, the root will bo the back door, wIku'cHk^ biibduw, tlu^ 
baker, and the milkman bring sii])plios ; tlie sitmi will Ix^ the 
passage; and the greivn hvivcs the kitchen, wlnux'i a, II the 
cooking is done, and tlio raw niatcvials two- conv(‘ii(‘(l in<,o 
suitable food for t-lu^. I'larty. 

Or suppose we compare tlie -jilant with our own liody, th(vi 
the root will be, like the mouth ; tlio stem will 1’epn‘senl. I-Ih^ 
tliroat; and the green leaves will be the stonu'U'-h, wIk^h^ i lu^ 
food is digeslied and madc^ fit to nourish the body. 
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So, you see, the root takes in or absorbs the raw 
material. We may call it an organ of absorption. 

The green leaves prepare and assiinilatt^ it. 

We may call them organs of assimilation. 

Together, these are the organs of nutrition. 

I innst, however, tell you that wlien tlu^ stcvni is green 
some of the cooking is doin' in it, as well as in the leaves. 
“^Most improper to do tlu'. cooking in the passage!” ] am 
afraid yon will say; lint Natun'- is very economical, and 
wherever there are green ]iortions of a plant t hat am cook, 
she will make tliem take tlnnr sliare, even though, tlu'.y may 
have other work to do besides! .1 must also t(‘ll you that 
both passage and kitclien — you know 1 niea,n the stern and 
the leaves — have numliers of tiny litthi windows in them, 
through which air and vapours art', taken in. '’.I.liese tiny 
windows can be opened and shut according to tht^ ret^nire- 
ments of the plant. They are calhul stomata, from a (.Jretde 
word meaning ‘‘mouth.” 

The gases and vajiourB help to nourisli the plant, sO we 
must regard the stem and leave.s as organs of absorption as 
well as of assimilation. 

But I fancy yon are longing all this tinu'. to know what 
plants really have for their dinner, and you wish you could 
peep into their kitchens and see the food preparing. 

I am afraid that you will be disappointed to licar that 
plants cannot eat solid food. I do not think any of you 
would care to be obliged to live entirely on liquid things, 
though tiny little babies seem contented enough with tlu'ir 
bottles ! but no x^ant can ever take in tlio least morsel of 
solid food. It could not even manage a dose of tliat medicine 
the doctor sent you, which has “ to bo well shaken before 
taken,” because of the sediment which settles at the bot/toni 
of the bottle. You do not think there is much to regret in 
that, perha^is? On the other hand, if you melt iij) a lump 
of sugar in a tumbler of water, so that it entirely disappears, 
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tlie plant wont say no ’’ to tluat. You adiniro its tasi o ? I>ui. 
it is not a matter of taste or clioice, but of mxx^ssity. ^Idie 
powder in the dose of medicine was ‘Mn sns])ension '' in llu^ 
liquid; shake as you mio-lit, you could not inak{^ it disa,pp<‘ar 
like the sugar. As soon as you put tlu'. bottli' down, tlit‘ 
powder sank to the bott-oin. 

The sugar, on the contrary, was “ in solut-ion in 1 hr wat.(‘r 
— wholly melted up, and so mingled with tlu' ]i((uid that, you 
could no more distinguisli or sej)arate on(^ from t.lir o{lu‘r. 
Now plants can absorb thinga in solution in ]if|uids, but 
not things which arc merely in suspension thrrrin. 1’hr 
food of plants, taken, in l)y tlio rool.s, cxmsist.s, tlirn, (uil irrly 
of water witli various sifbstancos ‘‘in sululion or inrllrd 
up — therein. 

I told yon, however, iJiat ihe leav(‘s and sttun, }H\sid(‘s Ihrir 
work of preparing the food brougdit tn iJoun from ilu^ root, 
have also to take in sonu^ithing* through thrir litilr windows 
or “ stomata.” 

What could comi^ in througdi thesis liti.lr windows ? What 
comes into your room wlnm yon oprn Mn^ wimiow ? 

“ Only air,” you say. 

No; not air ovJ//, but also (‘veryl.hing 1hal> thr air ran 
contain or carry. 

Why does mother shut tlu^ window wlnm it. lias brtm 
raining heavily and tlienj is a wliil.i' mist rising ? 

“ OIij it is danij), yon know ! ” 

Yes; the air is full of tiny, wee drops of wa,inr, loo small 
to see except as ‘Waponr’^ or mist,” which is rcNally t he 
same thing as tlm steam clouds which, you often vvn.teb 
coming out of the spout of tlu’! ka^tth^ 

So the air is capable of containing water. 

Now tell mo, childrcvn, did you. ev(u' pass gas-works or a 
tallow factory ? If so, did you not hold your nost^ as you 
went by ? Why ? 

“Because there was such, a nasty smelU ” 
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But what is smell, children ? I see nothing ! tluvre. is only 
air all round me. 

But it is in the air ; you can’t see it ! ” 

Yes, it is hi the air, just as tlie sugar was in tlie- water, 
and your tongue could taste it, though your eyes could not 
see it. Air is a fluid, just as water is ; and it can liold 
things '‘in solution,” so to speak, just as water cim. Your 
nose perceives the gas in the air, tliougli your eyes do not 
see it. 

" And can air hold things, for a time, ' in suspension ’ too, 
as water can ? ” 

Look at the dust blowing ! There is your answer. Does 
it not remind you of the sediment in tlie bottle, mixed up 
with the water by the shaking of the bottle, but settling to 
the bottom when all becomes (juiet ? 

Now when the plant opens the tiny windows of its stotn 
and leaves, the air can enter witli its vapours and its gases, 
but the dust must stay outside, for it is not melted up 
in the liquid air, so to speak, but is still in a solid form. 

All it can do is to choke up the little windows and mak(‘. 
the poor plant very uncomfortable and unlioaltliy, until the. 
next shower of rain comes and washes it clean again. 

So we learn that the food of plants consists of wati^r, with 
various substances in solution, taken up l)y thc^, rooi^s, and of 
gases and vapours taken in by tlie leaves. Exactly wliat 
these substances and gases are, you shall hear later on. 

Meanwhile, having seen the raw materials deliven'd at 
door, we must leave the account of the cooking and storing 
of them for our next lesson. 

SUGGESTION TO THE TEACHER. 

Let the children make observation on the difrerent substances which 
are soluble in water and those which water will only hold in suspension if 
introduced into it as powder. Written lists might be made, if the children 
are old enough, and rewards offered as before. 


LKH8()N V. 

ASSIMILATION (continued) THE 
GREEN FACTORIES. 


You, who live in tlu« with ifs p;nM*n lanr.: 

and fields, liave perhaps n(W(n’ Ix'cn in ap'rc.at- niariufact tirinp 
town, black with, tin's soot .fi’oin its many tall eliinnn’NS ; you 
have never been insich'. a faeJory of any kind, or In-ard flu* 
whirr of its noisy wlmi'ls. If I (M)uI(I talo' you into oinn 
in sonic magical fasliion, t.his mimd(‘, 1 Indirve yon would 
soon want to conu*. out/ again. Non would bo halt doafonod 
by tlie noises, wholly b(‘wil(i(‘r(‘d by the innutnorablo ro 
volving wIkhvIh and awrublooking ma(diinerv in nnroa iug 
inovenient; your iK'ad would ache ami your oyos Im- <la/./.l»‘d 
and tired, and you would soon be lon^png for youi* (juiof, 
breezy iields again. 

This is the sort ol [ilaee wlun-e man d(M*s his mamil’aet uring 
business, wliere lie inaktss tlie things re(|inred For his varitms 
necessities and, pl(‘asur<‘s. 

Now shall w('. look inl^o some of natur«‘Vi raet<u'io;», ami :.t’o 
how she does her work ? 

Where shall we iind tiimn ? 

Why, you live in l;lie inidsl, of ihem ; you (•.•uuiol uim.ii 
door or window wMonl; seeing- i>('rli;i)is almost, loiK^Iiiiig- 
them. Tlial, green liedd is a iieriVcf, town of them. NV.s, 
children, evejy green h'af, rrom (,1 h^ ros<- hraimli (hat (ups 
at your window pane to tlie wi'rd Ix.side your doorsfep. 
is ono of nature’s factories, and is hard at' work all day 
long. 
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expect still to hear the whirr of wliools and tlio clanking of 
machinery ? No. Man must rest ; lie cannot labour on 
unceasingly. And the God who coiistitutinl him thus, who 
gives you your refreshing sleep, the. God of Nritiire, bids Il.is 
green world also rest at night. 

Light is necessary for the niaiiuracturing jirocess in 
the leaves, and when the light is withdrawn the work; must 
cease, 

I do not say that no work goes on at night. Yoin* heart 
and your lungs do not rest when yon sleep, nor do you cease 
growing. The X3lant is busy using up the store of food which 
it has drawn from the earth and air, and prepared during tlie 
day by the help of the blessed sunlight. It is busy growing; 
but it is resting from tlie labours of tlio day. Jts woi-k is 
different, and a change of work is often tlie truest rest. 
The plant does^'noL as a rule (except in tlie case of young 
seedlings with few leaves and rapid growth) use u]) :for its 
immediate needs all the food which, it prepared, during tlu^ 
day; even though during the whole twenty-four liours the 
growth goes on with greater or less vigour, and a portion of 
the food prepared is consequently always being used up. 

What is to be done with the remainder ? 

It must be put by, stored up somewhere, for future use. 
Do you not remember the various storehouses we spoke of 
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when we were considering the duties of the full-grown 
plant? They are as varied and as interesting as are all 
Nature’s plans and arrangements. There is no monotony 
with her. 


Fig. II. 



11 M dc vgr DU u d store room s. 

a, a. Two slirivciled-iip tubers, tbe noiirislimeut in 
wliicli has been exhausted. 


Dig up the pretty, starry, lesser celandine, which flowers 
so early in the spring, and look at its quaint, club-shaped, 
underground storehouse. Dig up a flowering purple orchis, 
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and remark its tv:o storerooms. One is llal)l)yrui(l soft, .almost 
empty; that is the one providotl last year for this year’s 
flowering season. The other is full and plump ; that is the- 
store for next year. Does it not almost seem as if the orchis 
were gifted with the power of ihoriglit and foresight? In 
many a fleshy stem, in the rpiaint thick leaves of llie cactus, 
in root and root-stock, in thickened sca,les or swollmi under- 
ground stem — in almost every part of plaids, in sliort — we 
find the prepared food carefully stored n,way for future use. 

I fear you must wait until our mvxt lesson to hear what 
I can tell you about a few of sulistancc^s wliich are 
manufactured thus in the quiet “ grtam factoim'S,” n,iid either 
used up by the plant io sii])ply its immediati^ needs, or stored 
away for its future requireuieuts. 

To-day I want to talk to you alxmt a sul)sl.anco which, 
cannot be said to be manufactured by the ])lant, Imt wliich 
the plant is always taking in and using — a,s W, do(‘S water 
and other ‘‘raw materials,” as w(‘ chose to call thmn to 
make its food, by the “cooking procivs.s ” wc^ spoke of in the 
leaves. 

Do not think, by-thc-by, that bc‘caus(^ the plant can only 
take in liquids and gases, only licjuid substancc^s can be 
manufactured therefrom. Otluu'wise, wlumee. would the plant 
obtain the solid portions of its l)ody ? 

You. must not be siirprisc'd at tlu^ maniifa.eturc'i of solid 
substance out of liquids. If you tliink and oI)S{'rvt% you will 
soon see that a substance may changes its humi, a.iul a])pear 
at one time as a solid, at another as a licpiid, and again on a 
third occasion as a vapour, ‘'liiink of solid ici^, Id/vid wat-m*, 
and invisille steam. They are all ilio sifinr- thing under 
differ eiit conditions. 

More than this ; yon will find that a, substa.n(',(^ may change 
its appearance under different conditions, so that; you can 
hardly believe that the two appearanct^.s are regally one and 
the same substance. A bit of clear, glassy ice is not in rich 
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like a handful of white, flaky snow, yet yon are well aware 
that both will melt into water in your warm hand. This 
will help you to understand what I am going to tell you 
about the substance mentioned before, which is taken in by 
the plant in large quantities, and is the principal material 
for the building up of every part of the plant’s body, 
including the strong woody trunks of trees. 

The substance is called carbon, and it will be most 
familiar to you in the form of the coal which you burn in 
your fires at home, the greater part of which is made up of 
this substance. 

But the coal is black and hard, and the plant is soft and 
green and juicy ; how can they look so different, and yet 
both have so much of the same substance ? ” 

They do indeed look different, but you are prepared now 
to expect the same substance to look very different under 
different conditions. As to the juiciness of plants, however, 
contrasted with the hardness of coal, remember I did not say 
that the plants contained nothing but carbon! The juici- 
ness will depend on the amount of water in the plant ; the 
oak trunk and the tender green shoot it sends forth in spring 
are different enough in this respect. 

But here is another surprise for you. You must all at 
some time have seen a beautiful sparkliug diamond, perhaps 
set in a ring on a lady’s finger, or in a brooch at her neck. 

This clear, sparkling jewel is an example of carbon in its 
purest foimi, and is, therefore, a near connection of the black 
coal which you put on the fire ! It is strange, certainly ; but 
the sooner you can get accustomed to these changed appear- 
ances of matter, the better ; for the nearer you will be to a 
right understanding of Mother Nature, and her wonderful 
and surprising ways. 

But now we must consider whence the plant gets its store 
of carbon ; whether through its roots, out of the ground ; or 
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Out of tbe g-roimd,” i herxr you say, very cotrfi- 
dently ; ‘‘does not coal cotuo out of the ground? and, 
besides, liow could a solid thing like car1)on come out of 
the air ? 

But you ai^e forgetting again. You know I told you tluat 
substances could take the form of solids, licjuids, or gases, 
according to circumstanc(‘S, and change iVoin one to the other 
under varying conditions. 

“ Curiouser, and ciiriouser,'’ as A1i(*(> in Wonderland 
remarks'! But it is true, all tlie same, tliai> tin' jdant gets a 
great part of its carbon, thongh by no nuMns a.ll, oni'. f)!* the 
air, and takes it in tlirongh its leaves, in tin*, form of a gas. 
This is called carbonic acid gas, and is a componnd of 
carbon and of another substance called (»vygen. It is to be 
found in all air, more or less, but move in towns, winin' then', 
are crowds of human beings constantly breathing it out, than 
in open country places. For 1 must explain that, this part of 
the air which is so neccssai’y to ■j)lants is not at all good for 
human-beings. Every breath that comes out of your mouth 
is loaded with this unwholesome gas, some of which you liad 
to draw in with the other parts of the air, l)ut wliich your 
body cannot use, and casts out again. Some of tlio gas 
proceeding from your mouth, is actually prodnci'd l)y certain 
processes going on in your body, whicli I will explain lo you 
in a future lesson. This will help you to understand why a 
room which is shut up, so that fresh air from outside cannot 
get in anywhere, soon gets close and disagrt^eable, especially 
if there are many l>eople in it. The good part of the air is 
gradually being breathed up, and the unwholesome carbonic 
acid gas increased in quantity; you cannot breatlu'. freely, 
your head is hot and aching, and nothing will put yon riglit 
but “a breath of fresh air,” that is, of air which has not had 
all the good breathed out of it. 

Now, this very part of the air which you cannot use is 
most valuable to plants, as we saw ; and by using it up, 
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they purify the air for us ! How wonderfully these things 
are balanced in Nature, are they not ? 

Then if you go to a big town some day, and see trees 
and bushes planted in the middle of it in squares, or avenues 
of trees along the streets, you may whisper lovingly and 
gratefully to the green leaves : know your kind work, dear 

leaves ; I know that you are freshening up the air in this big 
city, for all the people who live and breathe in it ; I know 
how you are taking in and using up the bad part which 
would injure them ; I am so glad to see you here ! ” 

But the kindly green leaves are doing something more for 
you besides their blessed, purifying work. 

We spoke of coal just now, and said it was mostly com- 
posed of carbon, but do you know hoiu coal is made ? Not in 
man’s noisy workshops certainly ! We must go to Nature 
and her factories again. You all know that coal is dug out 
of pits ; but long before Mother Earth took it down into her 
deep places, and pressed it under her heavy, crushing rocks, 
and treated it in various wonderful ways, until it became 
hard and black, and fit for our use as fuel, its substance 
was being made above ground, by millions of busy green 
leaves, by the help of the golden sunlight and the fresh air. 

Too many ages ago for you to imagine, the work began. 
The earth was clothed with beautiful forests, wherein figured 
conspicuously numbers of tall, graceful tree-ferns, crossing 
their feathery fronds, one over another, till their shadows 
must have drawn patterns like lace-work underneath the 
straight stems. More ferns would be underneath, and a few 
other plants and trees, but there were few flowers in those 
green forests of long, long ago. Such forests, or something 
very like what they must have been, are still to be seen in 
New Zealand, on the other side of our globe, but you have 
seen nothing like them here. 

What were those millions of green leaves doing, day by 
day, as they waved in the bright sunshine ? 
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Just what leaves are iloing now everywhere, all through, 
the sunny sunnuer days. Jlu‘y were taking* in the air 
throiigli their niyriads oC tiny “ stomaia,,'’ or little windows, 
as we called them, and extracting frotn it- tin*, carbon, which 
they needed to build u]> (wery ])aii; ol i.iudr l)eautbul bodies ; 
and all tlie while, though they liitie knew ii,, they were 
storing it up for you and me ! 

Years and years later those! fon‘si,s disappeartul. .Perhaps 
the land on which they stood sank down gradually, and the 
great sea came and swept ov<‘.r tiiein. do not know all 

tliat befell them in the slow course, ol. ages, but. they were 
certainly buried more and more d(‘eply by tin!) changes on 
the earth’s surface; liard rocks formed a,l)ov(! them, and 
they were pressv!d and crusluul as it in a great vice. All 
their green colouring and delicat.e form was gone, the life 
was long ago pressed out of them ; most, ol tlu! gases and 
water of the plants had disa])p(‘anHi, but t.lu^ gn^ater part of 
the carbon they had stored up so u noon scion sly, all their 
busy, happy lives, was tluuH', safely guarded lor man in the 
depths of the earth, till lu^ should conu' and dig out t.hat 
black mass, and rejoice in the warmt h given out by that 
substance, gathered from the sunny air so many agi'S before 
man was upon the earth at all. 

This is the history of coal ; and now you see iha.t it is not 
surprising that the composition of coal should be likci that 
of plants. So, with one more grateful thouglit for the kind 
leaves which purify our air, and at tlie sauu^ time turn tlu! 
hurtful part they abstract into fuel for our ust‘ (for tJu! wood 
you burn is also of course full of carbon), we must close our 
lesson for to-day. 

SUGGESTION TO THE TEACHER. 

The children may be requested to collect examples oC storage-places of 
plants above the surface of the earth ; such as llcshy fruits and stems, 
swellings beneath leaf -buds, the spadix of the cuckoo-pint, the recci)tacle 
of the globe-artichoke, etc. etc. 


LESSON VI. 


ASSIMILATION (concluded)— SUBSTANCES 
MADE IN THE GREEN FACTORIES. 

We have talked much in our last two lessons about the sub- 
stances taken in by plants, and the unwearying activity of 
the green leaves in preparing these “ raw materials ’’ and 
manufacturing out of them all that is required for the plant’s 
daily growth and future needs. We peeped into some of the 
store-houses, and saw that they were full of nutriment ; and 
perhaps it occurred to you to wonder if it would be pleasant 
to be asked to dinner by the plant, and supplied with food 
from its hospitable store ! 

I think the answer to that question must entirely depend 
on the plant which invited you. An invitation from some 
would mean nothing less than sudden death to you ! From 
others you might safely accept hospitality. You see it will 
be wise to learn something of the nature and properties of 
different plants before tasting any part of them 

Some of them are busy preparing substances which 
become most valuable medicines when properly and carefully 
used 3 but often these are deadly poisons if taken ignorantly 
and without precautions as to quantity, etc. 

To chew the leaves of the foxglove or the purple monks- 
hood would be exceedingly dangerous and very probably 
fatal, yet most valuable medicines are obtained from these 
two plants. Bitter quinine and bark, nasty rhubarb, castor 
oil (useful but not agreeable), senna for our ‘‘black draught,” 
ipecacuanha for our coughs, laudaiuim to soothe our pain — 
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all i lu‘st‘ and many many murn. druL;‘s havn hee.ri prepared for 
us in thnsi' “ i;*renn raeh)ri«*s" wliicli \V(‘ talked about- in 

our last Irsson, and sfonal away in various |)arts ol* the plant. 


I’H,. 



I am disposed to wonder ii; you, eliildren, will leri as grateful 
for some of tliem as you should ! 

It would be a long business indeed if we were to malce a 
list of all the substances which are to be found in dillerent 
plants throughout the world. For the present we will leave 


^pi'ocluctiou You have seen on the packet “ best rice starch,” 
cT-O yon say ? ^ Well remembered ! Yes, we obtain our starch 
f i-oma the grain of rice, from the tubers of potatoes, aud from 
dLifferent parts of other plants which happen to contain a large 
qrLaxT-tity of it; but you must not imagine that starch is cmly 
foiaand in rice or potatoes. On the contrary, almost every 
jpZcc'7ht coiitcliris it to soino extent, tlioiigli there may be more 
in one part of the plant than in another ; and wherever you 
fincl a sx:)ecial store-house, in root, or stem, or leaf, or seed, 
yoxx may bo pretty sure that, amongst other substances, 
st>ai-oli will be found therein. This, therefore, is a very 
ixrL] 30 rbant product of the '‘green factories,” and is a valuable 
s'tiox-age-food for the jolant. 

Is it of any use to us, besides stiffening our linen ? 

Oil, yes. ‘ ‘ Starchy foods ” form a large jiart of our diet. 
IBnOcad for your breakfast and tea, x)otatoes for your dinner, 
ooi’nflour, sago, rice, arrowroot, tajiioca, beans, and peas — all 
liiose and many more articles of food contain large quantities 
of sfarcli. 

I will give you one practical x>iece of advice about these 
foocls. Ji/al Lluvnt do-wly. 

"Wliy do I say this ? ]3ecause the digestion of starch has 
tio Tdc done in tlt.c month, and cannot be x)roj)erly j)erformed 
ixx flae stoiiiacli alone. There is sonudhing in the saliva in 
onx* mouths which acts upon the starch, and renders it fit to 
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be assimilated by our bodies. If, therefore, we swallow it 
without giving tlie saliva time to act iipoii it, we are very 
likely to suffer from indigestion, and the food is not likely to 
do us much. good. 

I said just now that starch was a valuabh^. '' storage-food” 
for plants. Why did I say that? lh‘cause it cannot be used 
by the plant just as it is. It is ready to store away; but 
when it is wanted it will have i,o bo “ digested” (just as you 
digest your food before yon assimilat(‘. it.), and in this pro- 
cess of digestion by the plant a new substance is madt\ The 
starch is converted into something wliicli will appea,r to you 
very different indeed. 

Before I tell you what that substance is, however, perhaps 
you would like to know of what starch is made. 

Well, we have been able to find out that, tliougli. I think 
we must usually leave it to Nature to manufacture it 
for us. 

There are three elements (or ‘m-aw materials”) out of 
which it is composed. 

The first is our old accjuaintance, carbon. Are you sur- 
prised to meet it ]ien‘. again ? You will iind tliat it is wanted 
to make nearly all tlie substances prepannl in the green 
factories.” You have not forgotten liow it is obtaiiu'd, I feel 
sure. 

The other two elements are two gases called oxygen and 
hydrogen, which, together, make waff^r. So starch, is 
made of carbon and the two elmnents of water. 

Now, when the stored-up food is wanted for immediate 
use — let us say, for example, in the germinating pea or bean 
—this is what happens: the starch in those fat leaves of the 
baby bean plant, which w© talked about in our second lesson, 

I is digested by the help of something in tlie juices of the little 
bean answering to that which acts upon starch, as I told 
you, in the saliva of human beings ; it is clianged and con- 
verted into another substance, whicli is evcm, more familiar to 
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yon, and peril aps more appreciated, than starch — namely, 

sugar. 

It will surprise you, I think, to hear that the dements of 
sugar are exadly the seviiic as those of starch, onh/ in dij}'erent 
20 Toportions. 

Sometimes you hear of fat people giving up sugar ‘"‘because 
it is so fattening ; ” but if they eat quantities of bread and 
potatoes and other starchy foods, they need not expect to 
grow thinner, and tliey are likely to have all their self-denial 
for nothing ! 

You all know, 1 expect, what plants give us our principal 
supplies of sugar. 

We English mostly depend on the sugar-cane from the 
West Indies and elsewhere. Tlio thrifty French make tlieirs 
from beetroot, but it is neither so sweet nor so sparkling as 
ours. In America the children love ma])le~sugar, whicli is 
the sweet sap of the “ sugar-maple ” tree, drawn from the 
trunk in spring. Sweets and candies are made out of it in 
large quantities. 

yiigar, the second production of the “ green factories ” 
which we have noticed so far, may then, from inan’s point of 
view, be described as a ]')leasant and useful article of food, 
fattenijig in its properties, but geiuvrally wliolesome for chil- 
dren, and with qualities which make it extremely useful in 
preserving fruit and other articles of diet, and keeping 
them for a long ])eriod of time in a lit state for our use. 
Now, however, we must look at it from the point of view of 
the plant, and see of what use the sugar is to it, and how and 
tvhy it prepares tliis substance. 

There are several different kinds of sugar in plants, all 
made of the same elements, but not quite the same in propor- 
tions, and. having rather different qualities. One of these, 
glucose, or grape sugar, gives the sweet taste to ripe fruit. 

^^Does the plaurpiiridiese pleasant sugars away in its storo 
rooms, with the starcli. for future use ? 
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Not as a general rule. Usually, wlieii wo (iiui sugar in the 
plant, we may know tliat eitlier tlu‘. slorccl-up siK'u'cli is being 
digested and tarned into sugar, bt‘cause the plant is going to 
use it up; or, on the other hand, tlio plant may bo making 
starch, and may manui'actiire sugar as a (irst pi'oci'ss, which 
sugar will presently be transformed into starch and stored 
away. Germinating seeds. and sprouting tubers (the potato 
for instance) are nearly always more or less sweet. You can 

tell me wJiy ? .Because 
tlie starcLi in tliem is 
bei ng changed into sugar 
for the nourisliment of 
tlie litth^. '|)lant. 

W e take advantage of 
this moment of the di- 
gestioii of the starch and 
its conversion into sugar, 
to make nudt, whicli, as 
you a, 11 know, is a neces- 
sary ingredient in tlie 
majiufactiiro of beer. 

.l>arh‘y is I, he set'd 
usually ehostm, and the 
grains must/ be plump 
and ]u‘iilt-l)y if good 
malt is to be procured. 
By a proper supply of heat, moisture, and air (whicli, I 
hope you remember, an", the tliree re(piisit(‘s for gtsiuination), 
the barley is made to germinate, '^hlu". tijiy rootlets soon [)ecp 
out and the plumule, or, as the maltsLers call it, the acrospire, 
begins to grow inside the barley corn. 

A careful watch is kept now, for the maltsttu" knows that 
when the acrospire has grown about tliree-cjuarters of the 
distance through the seed, and would soon be putting its tiny 
nose out into the world, the moment has come to put an end 
to its little life. 



A. Seed of germinating barley cut, iti 
half. Enlarg(3d. n. Albumen. />. Acro- 
spire, c. Rootlet. 

B. Germinating barleycorn cut in half. 
The acrospiim has gr(»\vn right through 
the seed, and pierced the husk of the 
grain. The albiuinin is partly exhaustetl, 
and the process of germination has gom* 
too far for malting purposes, (f . Acrosiu're. 
h. Albumen partly used up by tlie growing 
plant, c. Rootlets. 
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All the starch is now converted into sugar. The barley is 
quickly dried on a hot floor ; the poor little radicles dry up 
and drop off, and are separated from the malted ” grain, 
which is afterwards crushed and thus made ready for the 
brewer. 

The sugar of malt is “^glucose,” or grape sugar, which, as 
I told you before, gives the sweet taste to fruit. Preparations 
of malt are often given to thin, delicate children, to fatten 
and strengthen them, and they generally think it a pleasant 
medicine on account of its sweetness. 

We have talked so much about starch and sugar that we 
have but little time left to~day. Yet we must speak of one 
or two otlier productions of the green factories.” 

Gum is a substance found in many plants. Curiously 
enough, it lias the same elements, in tlie same proportions, as 
the sugar of tlie sugar-cane. Yet I fear you would not be 
contented with a lump of gum in your tea, instead of sugar. 
The reason of the diirerence must be a change in the arrange- 
ment of tlie ingredients. If any girl is learned in cooking, 
and knows what different results may be obtained by mixing 
the same materials in different w\ays, peril aps she will seoliow 
this may he. 

Gum is found in many seeds (tlie mallowg for instance), 
and in tlie juices of some trees. You have surely often 
seen it oozing out of the stem or twigs of plum or cherry 
threes. 

liilce sugar, it is one of tire substances made by [ihints in 
the course of tlio manufacture of tlreir food. 

I need hardly mention the ordinary uses to which we ])ut 
it, thougli perliaps you do not know tliat sevi'.ral kinds o{‘ gum 
are much employed in m(‘dicine for various pur])os('s. 

Oil exists in very many ])]ants, and especially in seeds, 
wliere it forms part of tlie store of food for the cunliryo. 
This is tlie case in the castor-oil liean, for instance, which 
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liazel nut, walnut, almond, and, indni'd, almost all nuts are 
full of oil, wliicli, liowever, in tliis case, is pleasant enongli to 
onr taste. 

Olive oil, from the Hi tie plnm-like fruit ot‘ the olive tree, 
is used by the French, and Italians instead of l)nt.ter, and we 
use it for making salads, etc. 

The composition of tlu^ oils found in plants is a little 
different from that of the other snlsstancu's we have nKmiiioned, 
and indeed the dill’ercnt oils vary one from anotJver in their 
ingredients. 

There are very many other substances prepared in the 
green factories’" which we ought to mention, such as gutta- 
percha, or india-rubber, turpentine, tar and pitch, dyes of 
many colours, etc. etc., but we have not time to speak of 
them now. 

Before we close, however, I want you do obsmwe with me 
the threefold w'ork of kimhu'ss done for ns by the clear green 
leaves with, the help of the blc'ssed sunlight-. 

I (i) Obsei've how ])lants prepare food for man out of earth, 
I j air, and water. Man could novc'r do this for himsedf, but 
M must perish with want were it not for the “vc^getable 
^ I world.” 

1 \ (2) Observe how plants htij ht/ for man ; storing away in 

^ root, grain, fruit, etc., the iiscvful substance's madc^ l)y tlie 
green leaves, in such, a manner that man is al)k^ to ])n‘serve 
them for use during the cold winter, when the plant 
I world is more or less at rest from its labours. 

V (3) Observe how plants pariffj the air for us, taking in 
the part which is injurious to ns, and transforming it into 
^ nsefiil substances, which minister to onr (la.ily wants. 

Let ns never forget that, tliongh our life is a far liiglier 
one than that of the vegetable world, yet God has made ns 
^completely dependent on those lower creature's of His for our 
very existence. A world without plants would be utterly 
uninhabitable ; we conld not live in it. fio love these lower 
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fellow creatures with all your hearts, and especially the dear, 
busy, kind, green leaves ! 

SUGGESTION TO THE TEACHER. 

Let the children make a list of all the substances they can think of, 
procured from plants. The lists should be written out if the children arc 
old enough. 


LESSON VTL 

MOTION. 


I DO not think you can \ui\c qnito foro’ot.ten our flj-nt lesson, 
children, oi’ onr search after some si^’ns ])y wliicli we nriglit 
decide wliether a thing could tiuily said to liv{‘ or not.. 

We chose three signs of life : 

1. GROWTH. 2. POWER OF ASSIMILATION. 
3. MOTION. 

I think we have now ch'arly seem thai. plants hoth grow 
and assimilate food. It nunains to prove that they have 
some power of movement, indcqxuuh'ntly of oui.side cans(‘s. 
Perhaps yon tliiidv it will l)e hard to ])rove this ? Tti is 
certainly true that movement/S in ])]an1s an^ not. t.o he 
observed by every careless eye. Usually w<^ shall hav('- to 
watch both carefully and ]^ati('ntly if W(' woidd t.ak(‘ note of 
their movements for oursedves. 

ij We are so accustomed in the animal kingdom to rc^gard 
ji motion as not merely a sign of lile., but alsf) of s(vnsati()ii and 
^ will, that I fear when you hear in this lesson of ])lants 
moving when touched, of tendrils searching for support, of 
leaves catching or closing on tluu’r ]n’ey, you will l)e disj)osed 
to say: ‘‘Then plants can hud, and liave wills of tludr own, 
like animals!” But this conclusion, i. hough ]>erhaps it 
seems attractive and tempting, would, ] fear, lx? ((uit.('. a false 
one. 

Yon know, in our first lesson, we remarked that there 
were two kinds of motion; movements made vdt/i tlie will of 
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the movei-j and movements made vAtlioid liis will or control. 
The latter we called reflex movements. The action 
of our heart, lungs, etc. etc., are all examples of this 
kind of movement, and they proceed, as you know, even 
when we are entirely unconscious, in dreamless sleep. 

All observations that have hitherto been made on the 
constitution of plants have taught us to feel ceitain that 
they can have no sensation” according to our meaning of 
the word; although tracings of the beginnings of a 
nervous system like ours have been discerned in plants by 
some of our greatest observers in the scientific world ; and 
they have been led to believe that some of the curious 
movements in plants of which I shall tell you, are caused by 
the same nnconscioiis action of the nerves which causes 
the feet of a frog, lately decapitated (so that it cannot 
possibly feel or think), to move when tickled or slightly 
injured. 

These, however, as I said before, are all reflex movements, 
w^hether produced by the beginnings of nerves like ours, or 
by various causes connected with their life and growth. 

MOVEMENTS CONNECTED WITH GROWTH. 

Do you ever grow sweet in your garden at home, 1 
wonder, and put branching sticks for them to climb ? If so, 
1 feel sure you must have often wondered how the tip of 
the growing pea knew that there was a friendly stick at 
hand, ready to give it support, and managed to find it, even 
though it might be some inches away. 

Perhaps you were tender-hearted, and took quite unneces- 
sary trouble to guide the small pea-shoot to its support ! It 
could liave found the way very well by itself ! 

But how 1- that is the question. Well, you might almost 
think it had the consciousness of a little blind puppy, 
hunting for its mother with its small restless nose ! 

D 



MnTK^N. 
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'llu' “Mc nf tl;»‘ ictlty |M*a -pL-iiil is iH‘vt‘r at. rest, but 
niuvr . et'U ‘'1<' ' -1} r'tuiul and I'niiMd in .a nmre, nr !<‘ss wide 
nire^n a- if Inintin^.': t'"r nuaUbinn. \\ Inni ii. Inuehes the 
sfiek. Ue' .sini.' rirtninn*- int *\ ♦'un'iit . ,ai<!r(i by the. sefisitiveiiess 
In t*'ii«ds |!u .n b\ tin* .'and < .} h^r pn rf s nf ihn plant, of 
whii'h \mu -had lu'ar lan-r, ran-.' , it tn niirl rnund it and 
nlin',: tn ii. ’rin> >- in* .v.-jinnit - an* I.h! ;dn\v irnnnnilly for you 
la- but it i- v«*r\ ra-y fnr y(ui in prove 

thnlu bv II ‘ % prru ! n ' nt , tliu . >» '‘i.\ a- |».*a in a p*'t. nii*(*oiily it 

linpimyn b.nO !ip. tal..‘ a rMimd pi.s*.' ( .!’ w b ib* [inynr nr card, 
a> larifn a - t im top of tbr [xO. and iiiakn a .small hole iu it, 
ihrniip»^b \\hic!i \nu uiu t b’i tin* tiny dmnt nj I bn [)i*a-plant 
grnw . 

Wlmn ilm plant i^ .alxml tbmb incln'^ bip’ii, you will be 
able in m.'ikn yntu* nb .naation , 

but' tin* plant <aii nf dijor.a wimn* tin* li^dd- is t*((ual all 
round it, ami, with a pomub mark nn ynur (%'U’d tin* point 
iVKUCily uud«*rut*ath tin* tip ni ymr littb* |)na. (it- will almost 
certainly In* bmit sH^^ditly in nno sub* nr aunt her), hi an 
linur, or loss, Innk at it attain, and son ii tin* :dinot. is where it 
was bofnro. ^ nu will tind it ba . iinurd ; it ba:^ i,r<uio round, 
and the dnt on tin* card is no huyipT undniainalb it. 

ThuH you may cavunt. its t urns, and 1 be i iino it takers lor each, ! 
The sanu'. kind of ('xporinu'id may be triiMl with the top 
ahoot o£ a young (Ir-triM* ; and the result will 1 m‘ the same.. 
It movoB; it g(H‘K rnuml ! But the tip of any eliinbing plant 
is by far tlumaasioHi t-hing for ynu U) exiieriiuont. with first, 
becauBe the movoment-B are. ho deeidod, and, comparatively 
speaking, rapid 

I The young Hhoot of the lio[> is .said to go rnund, on a warm 
Bummer uay, at the raU^ of two hours and eight minutes lor 
each complete turn. This revolving movement, is not 
COB-Iined to the growing shoots of plants. As a matt-er ol 
fact all gnywhiif pofllmis of plants revolve- slowly in this 
mannei’. The lyinvemtAiO. lii* wtill irv I be rrulitdeB of 
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seedlings. It lias been prettily shown by arranging the 
little plant with its radicle just touching a piece of smoked 
glasSj when the tiny point of the growing rootlet traces its own 
corkscrew-like wrigglings clearly upon the glass as it moves. 

What is the cause of these movements ? you ask. 

They are certainly connected with the rapid growth of 
these parts, and are supposed to be caused by the fact that 
the growth does not go on equally in all parts of the shoot 
or rootlet at the same time, so that one part is always 
outgrowing the rest, so to speak, and bending the tip of the 
shoot or rootlet, to which it belongs, accordingly. 

There is no doubt that light has a great influence on the 
growing parts of a plant which are above ground, and their 
tendency is to bend towards it, because, as I told you before, 
light rather hinders growth, and so the part not exposed to 
tTiF ll^t grows faster than the other side of the stem. 
Light, however, naturally cannot influence the little root 
down in the dark earth, so its corkscrew movements must be 
caused by its own manner of growth. 

SENSITIVENESS TO TOUCH. 

But besides the wriggling movements of the little root 
(which, by the way, make it much easier for it to get 
through the soil than if it pierced straight down like a 
needle), it has other, more curious, powers, which would 
almost make us believe that it has some kind of beginning of 
a brain and sensation ! 

When the tip of the radicle (protected by that kind little 
cap which I described to you in an earlier lesson), meets 
a stone on its way down into the earth, how do you suppose 
it behaves ? 

‘‘ It cannot feel the stone,” you say, so what can the poor 
thing do but flatten its nose against it, and spoil its shape 
for life, at the best.” 
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Nay, but it duc^ a|)[>aroutly5 or it does sonietliing which 
answers the same {)ur[)Ose. (for we must not allow that the 
plant has any conscious sensation). No suoiier does it touch 
the stone than it turns away from tiie impediiiient and seeks 
a softer path, just as a nioh‘. or a worm woidd do if it came, 
in its burro wings, to a pieces of rock. 

TJiat there is aduid sr/isdiv<:ji.r,^s, oT a kind, in the tip 
of the radicle has been })roved by ex|)eriments with the 
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Gn>wih of a caiTol. in cionl.aoi witli ;i stoiu^ 

in tlio tsoil. To illiuslnilt' (i) Iho sonsilivoiiow.s of 
tlio tip of ilio rjulio!(» wbic.li ('-n.UN(«.s it. to turn awa.y 
from tlio irriiaiinn; Ixnly ; (n) tlu* Honsiti v'(mi{<,sh of Ihn 
voot alnu'c iho tip, wliir.li lui;; tin* t'lTt'.otof <’ausing if. to 
bond /oavov/.s- tho irrit;i.l.iii|i; ImmI v, and wo curv<i nnnid 
and proaorvi.' ita do\viivv;ird (lin'fi.ion. 

radicles of seedlings, wliicli, when slightly iujurt‘d on oir 
side, are found to turn invay and btnid in tiu^ 0[)[)osit 
direction, as it to avoid l)i‘.ing hurt. 

But now suppose the point (»f ra,dieh‘ oF a, carrot, fo 
instance, to have met witli a stoms and avoieJod it, l>y turning 
to one side ; as the growth procetais and t he rool, t hicken!; 
its part is brought hito coni, a, ct with iJu^ stone, whic 
slightly scrapes it. Can this pa,rt of tln^. root Ibcd too, an 
will it bend still more to one sidc^. ? for, IF so, tbe carrot wi 
have to grow sideways, along the surfaci^ oF tJu^ oa,rt] 
instead of downwards into the soil, where most food an 
moisture are to be found. 

Perhaps the root knows this. At all events, wlien scr.a,pe 
or injured high up, above the ti]), the effect is to make 


THE SENSITIVE PLANT. 


53 

curl round tHe obstacle, bendins; towards the tbinv which 
scrapes^ifi, and so the root goes downwards as it should. But 
the carrot will not be a good shape, because the stone made 
it grow in a curve. So mind you dig your carrot beds well, 
and free them from stones. 

The movements hitherto described can only be observed 
by a careful watching and experiment ; but now I want to 
introduce you to a very ‘^nervous” plant, winch, when even 
lightly touched by your fingers, will shut its leaflets together, 
just as a frightened snail draws in its horns. 

Your light footsteps would not shake the earth, but a horse 
galloping by will sometimes cause this delicate little plant to ; 
shut all its leaflets together as if in terror. ' 

It is generally called the sensitive plant ” (ilimosa 
inulicci), and you may perhaps see it in a greenhouse some 
day, for it is not a native of .England. I am afraid if it did 
live here you would not give it much rest, for I am sure you 
would always be wanting to touch it and see it move. 

It has a leaf shaped like what we usually call the ‘‘acacia’’ 
tree in our gardens, with two rows of little leaflets growing 
up a stalk, and it is these two rows which meet, leaflet 
to leaflet, like the palms of little hands pressed one to the 
other. When much irritated by touch or shake, the stalk 
on which they all grow also drops down towards the stem 
of the plant in a most curious way, as if the whole leaf had 
fainted. 

There is another most curious plant with which I am sure 
you will sympathise. We may call it “the fidgety plant,” 
(JDcsmodium gyrans, of the East Indies.) for it is never still. 

It has a very funnily-shaped leaf, with a large leaflet at 
the end of the leaf-stalk, and two little ones on each side, 
lower down. It is the small leaflets which are so fidgety, as 
might be expected. They are never quiet, day or night, 
but seem to play together like two restless children. They 
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IM/rhaps cross sli;j:htly: a few moinrijlR tlioy soparate 

and j»‘rk away iVuio i'a.<4i aLi;ain ; and so they go on 

continualhy only Ihoy luon' than evi'r when the 

Wtaaflirr is very wariTi and ilie air moist. 


MOVEMENTS OF CARNIVOROUS PLANTS. 

Neither tin* ^‘sensit iv«'" nor the “{idgety” plant can gener- 
ally 1k' ohservfMl hy little English childrein but now I will 
t(dl you of a curious native of your own country. 

Fin. rtv 



/>r<wm roluntiifoliii. (Tho kiukFuv pljmt.) 


This little llowcr liv<‘S in. ])ogs or w(d. inooi’s. 11 tluvrc^ is a 
nice peaty bog anywluu'e within your rcuicli, }a)n may go and 
limit with a good hope of finding him at. fioim^. 

There are three varieties of tliis ydant ; i.wo with long, and 
one with roimd. leaveS;, tufted like a daisy, and with somc-^ 


THE SUNDEW PLANT. 


55 


wliat a similar sliape ul ic?ai‘ • but you may easily recognise 
any of them by the pretty rosy hairs which cover their leaves, 
and which frequently carry tiny drops like dew upon their 
points. Those rosy hairs are very pretty, and the dewy drops 
most enticing, so doubtless think the little flies and beetles 
that hover about them. 

Let us watch a moment. See, one settles on a leaf. What 
has happened ? Why does he struggle like that ? Why 
does he not fly away ? 

Look at the pretty rosy hairs! They are bending over 
him; they are so sticky that he cannot free himself, and 
they clasp and hold him as in a trap. And now the edge of 
the leaf rolls up over its living prey, and it will open no 
more till it has sucked the juices of that poor little fly, and 
is ready to cast out his dry carcase. What is the meaning 
of this ? Do plants eat insects ? This is indeed turning the 
tables on the insects who generally have it all their own way 
with the poor vegetables. 

Yes ; these curious little sundews (Drosent) are members 
of a iDarty of insect-eaters among plants, which are certainly 
an exception to the general rule. There are foreign members 
of this group which move quicker, and are, perhaps, even 
more interesting to watch than the sundews, but I chose the 
latter because 1 hope you may see them yourself some day. 
I once kept a number as ‘^pets,” and fed them with raw 
meat and various kinds of food, and tried many exi^eriments 
with them, some of whicli were most interesting. These 
plants digest their prey by a kind of juice which they pour 
over it from their rosy hairs, very much like that in our 
stomachs which performs tlie same office for us. I found 
that an over-supply of meat brought on an indigestion, from 
which it was possible for the leaf to die. Even i^lants must 
be temperate in their eating, you perceive. 

Now, if you try the experiments and make the observations 
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plants do ivallv “nmvo of f li.-nisclvs.’' 'riimn .arc very many 

(.U.er n.nvemcnt.s in plants uf which I slu.uhl like to speak, 

Imh our tniie is ten sluM'l. look Fur yourselves. I 

have not. I'ven nientioued the so-calh'il “sleep ol plants ; an 
ellect, of tlie abscniee ol' li-hf. which causes many ilowers and 
leaves to close at ni”:ht . 

.11, would he (h'alh to many a little seedling to keep It, s two 

i’lt;. I'n 




a, OxaliH Itmf luid Howtir m Hit' or.linary pt.siiini,, 
h. OxaliK Icavort “ Mloopint':.” 

leaves open and apart at night, on accouid. ot the chdhng they 
would from wliut is cjiIUmI 

Look round yonr gardens affor tli(> sun is down, aiul soe- 
whicli of tl\e leaves and flow(‘rs i(‘(d ike inlliu'nci' oi niglit. 
Notice the leaf of the wood-sornd in ihe l)a,nk, th(‘. con noon 
clover in the meadow, the (lowt'i- of ih(‘ W(‘e scark^l. pimpernel 
by the roadside. 

See when the heavy clonds cotm^ u]) during ihe day-ihne 
how many flowers close hastily, lest tlu'h’ stamens and pistils 
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during a shower ! Half an hour ago they were sunning 
themselves with every petal wide ! 

Again, see the big sun -flowers turn their heads to the sun. 
Plant thein out with their backs to him if you will, but they 
will twist round and look at him, for all that ! 

You will learn more by observing for yourself than I could 
teach you in many lessons. I can only hope that in these 
talks of ours your interest has been so awakened, and your 
sympathies so drawn out towai'ds these '‘lower fellow 
creatures of ours,” as we love to call them, that you will 
make of them and of Nature friends for life ; believe me, 
dear children, you will hardly find better ones, nor any who 
will lead you more surely and sweetly, if you will let them, to 
their Father and yours — even the God of Nature. 

SUGGESTION TO THE TEACHER. 

Let the cliildren make lists of nil the flowers and leaves (or collect and 
dry them) which they lind closed at night. Also of flowers which close 
in cloudy weather. 
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LKSSON VI 11. 

THE CONSTITUTION AND CONSTRUCTION 
OF THE PLANT. 

Mv [)U|>ils and IV'kmkIs who ha,v<^ wiiJi nu^ tJiroiip;]! 

th(3 ('arliio' K^ssons in i.his hook, and hmi rt'ally in((MVst-(‘d in 
“ lowor i'cdlow cr(%at iiros ” ol whic’li 1 li.'iv*' wrii t(*n, «and 
in their works for us, will, -1 ho}u^. and iJiink, ca^(^ to go a 
littAe more fully into the sn])ject, to dip IxnuN'ith tJie surface, 
and to fill up much tliat W(‘. could only outline, ;is it wt're, in 
those first ](‘SSons. You. will lik<‘ t.o lusar how the ])lant is 
inad(‘,, how it looks uinhu' th(‘ mieroscojxs a,nd in what 
measure it is lik(‘. our own IkhTh'S. And this is wha,t ] hope 
to explain to you in our h‘Sson to-day. 

Now, with regard to tin' word “ body,'’ yon must uudin*- 
stand that it doc'S not l)y any ukn'uis n(x?:(‘ssa,rily imply ll(\s}i 
and blood, like that of animals and num. dh(', body of any 
living tiling is simply th(‘- suhstancx' which ]ia,s b(‘en gra, dually 
absorbed (or taken in), and assimilated (or maih'. lik(‘. itself), 
by the living germ witli which that Ixn'iig b(\g;in. I t is iJiai. 
material which life of any kind lias gatheix'd to its{‘,lf and 
formed into a shape of its own, to fulhi il,s iuxmIs, and by 
which it makes itself known to you. 


THE BODY OF A PLANT. 
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You cannot touch the actual life of a ■pln.nt, but you can 
see and touch its green leaves, you can smell its flowers, and 
taste its fruit. Leaves, flowers, fruit, root, and stem — all 
these are parts of the body of the plant. 

Now look at your own bodies. Hands and feet, head and 


Pig. 17. 



Fig. 18. 



Tlie littlo florets tflat dwoll 
within the “ green nest." 
Magnified. 


shoulders, eyes and ears, they are all, in this sense, parts of 
our body ; they are the substance which the life within us 
has absorbed and assimilated, and then formed into these 
wonderful instnnnents for carrying on all tlie complicated 
work of this living machine which we call our body. 

Think of those two ladders of life tliat we spoke of in a 
former lesson, and of all the various forms of life we saw 
upon them. 


6o (^INSTITUTION AND < ^ONSTIU TUTION OF FUANT, 

Mncli Olio hiul //s (ur/i body, I'iUimI For it s ',jU‘rial iummIs ai"id 
pi I r]xis(>s. 

In S. l\'inrs wonh: “(»‘o<l i^iv<‘tli it- a body as it liatli 
|)l(‘as(Hl Ilinnand in (‘V(M'y scvdliis own liody" (r 6V/*. xv. 38). 
llnrc' is a lit tin noininon daisy, dug up l)y tbn roots. Let 

ns look at its sin all but 
jun-root liody. 

d 1 ios(' sl(‘nd(M* wlrite fi~ 
1)1*0 us root-s are tln^ food- 
S(‘(d':ers. Kollow tliein up 
and \v(^ eon!{‘. to a tliick- 
(*ned stiuu, partly under- 
p^roiind *, tliis is t-luproot- 
Stock, a,nd is Ike daisy’s 
prinei|)aJ storcdionse. 

()ut. of it sprino; little 
i uTts or bnneli(‘s of oTeen 
l(\a.ves. ^'oii liavo not 
i'orgottc'n ike “ green fac- 
toric^s” wlnn’O tlu^ food is 
•pr(‘])are(l, nor tlie little 
^vindo^vs in Ike in where 
tlie va])oiirs and gases are 
ialoMt in as “raw material” 
to be used in the course of tki^. manurnc.i.inang business. Out 
of tlie little tuft of leaves risers a slemk'r stem wliick sup])orts 
a pretty green cu p. Dainty piuk-ti]yp(Ml {xd rds and 1-1 le ycilow 
“eye ’’make up wkat you call the daisy tlowin*, only ri'ally 
it is a nu.iu.ber of tiny, little tlowm-s all living togiddier inside 
the cup, like birds in a green nest. 

' These parts together make iq) t-ke body of 1k(' daisy ; and 
yon tliink it so different a body from your own, that you 
cannot imagine that tkc'. tivo have anytliing in cx>unuon. Do 
not let ns be too hasty, however ! 

I take a morsel of the daisy’s gremi leaf and put it rindc^r 


I'k;. m. 



from a (lainy’s l»‘af (tlio “crinUliMl 
notwork'”). Snn thoiiijli ilir rn'icroaropr. 


A NET WOE, K OE CELLS. 6 1 

my microscox) 0 . What do I see ? Something like an irre- 
gular kind of network, dividing up all the substance of the 
leaf into numbers of little chambers of rather uncertain 
shape and size. I take the thinnest possible slice from 
the root-stock, or from the white i*oot, and examine it, and 
find the same kind of network, though the little chambers 
may be smaller or of different shape, and the walls that sur- 
round them may be thicker. 

Now what is this network ? You have seen a lioneycomb, 
have you not ? and you know that the little chambers or 
cells of which it is composed are 
made of wax, and eacli little cell is 
full of licpiid honey. If you cut a 
slice through a honeycomb it would 
look very much like tliis network i]i 
my microscope, would it not ? thougli 
i be shape of the cells would be rather 
more regular than iJiese. In fact, 
this net-work, which the microscope 
sliows ns, is entirely composisl of 
cells, such as those of the lioiiey- 
eomb, separated from ea,ch otluu' l)y 
walls more or less and con- 

1 aining — b u t s t .o j ) ! w ( ^ mu st not 
s[)eak of the cojitent.s just yi't. 

Every part of tlu^ little claisy’s 
body is built up of tliese tiny 
cells, from the point of its pink-tipped petal to tlie tip 
of its white root. I do not say they art' all alilct^ ; wt'. sliall 
hear more about their varying shape and their different walls 
later on; but every bit of the daisy's body is com])osed of 
cells of one kind or another. 

Is the daisy peculiar in this ? 

No, indeed! Every living plant is built up in the same 
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Souio thiekcr-'.vul le<l 
cells from a daisy with 
niKici (the “ busy 
spots ”). ,SV(7/ Ihrouitk 

lilt microf^cojic. 


A,.! roN>rrn'TluN ANH < n.N.>T!n.'rTlnN oF PLANT. 


p) In fnnn tli»‘ sui>.‘1 ;uir«' living.;' lunly are mainly 

Imill u|Mif own IhkIv is fn!l ni* i hem, and 

the anionnt nf work uhieli i - aecoin])li--li<*(} in th('se mhuite 
{’liainhers wnuhi a^L*ni.-]) y-'U iinlootl ! 

Sn far, ytMjr luuiv am! that a daisy are (^imposed after 
soim-what the santo plan, ra{'li hoiin,r huilf. u|) of little cells; 
hiit> \V(* shall noio ,->n!nr ililLmoners |)ros(‘ni ly. 

The whnlo hiMiy nf tho da,isy is oiitiroly ni.ade up el* 
se|>ara,te (‘ells, whieh hav<* a" dun/':, and iie (’omnuniicatioii 
with the uoio'hhnnrin^' cells, / flir irul/s. 

ifvtM'v iinv ehainher is siuTiUimled hy otIuT siiiiilar 
chaiiihej's ; thei'c are s< uiiet iiiu's irrei^'uL'ir spaci'S hetwfMui iilie 
C(dls, sn that, they d<> not <pii{(' touch taacli uthei*, or only 
partly so; hut tluu’e are m> re<yular p,assao'(‘s, as there are in 
a house, !i‘a<lini»’ fnun r<»om to room ; ajui, as I said beioiH', 
no chuu's i.<» the lit(th‘ ('haiiihtu's! A house planntal like this 
would he an awkward sort of [)lac(' to liv<* in, would It not f 
How would tin' ininah's of each htt.le room g’et iood and the 
uecessari(‘s of lilh? Ihd’on^ we ('x plain this dilllculty, let us 
tak(' a eha,u(a'- round our own body, ami st'O liovv inatiters are 
nianag('d then*. | 

It is, however, pt'rhaps rathei*a large, inansiuu to go over 
in a singh', morning, so hd. us choosi*, cm* department for 
our ins[)ection. We will take one. of our largest and most 
useful organs, nanndy, tin*. liv(>r. 

It does many iiHporta.nt works, hut our business is not witli 
its works, but with its construction ; so let us obsm've it from 
this point of view. 

Here are .multitudes of tiny cells clustered togetlier, j list as 
in the daisy’s body; but, running amongst tJiese little cham- 
bers, there are numbers of small pasBages. Thesi*, passages 
are of two kinds, I notice : one set is employi'-d solely to carry 
away the juices which have b(^en manufacture.d in those busy 
chambers. This set of passages is a peculiar aiTangenienb 
belonging to the liver and some of our okher organs, whose 
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business it is to manufacture juices and send them away to 
other parts of the body ; so we will set them aside. But the 
second set of passages is common to every part of our body; 
none is without them. Their business is to carry the blood 
to every celb in order that the cell may absorb from it what- 
ever is necessary for its own nourishment and for the produc- 
tion of its own special manufacture, whatever that may be. 

“Ah, this house is better arranged than the daisy’s,’’ you 
say; “we can’t think how the daisy cells can get on at all 
without passages to bring their food to them.” 

Well, though the difficulty may be lessened, perhaps, in 
the human mansion, it is not done away with; for, although 
the food is certainly brought by the passages to the cells, 
there is no door in the cells through which it can be received. 
So here we are in much the same dilemma as before. 

“ Then the only way is ihrouglh the walls ! ” and I see you 
look at the solid walls of tins room, with a despairing hope- 
lessness as to the possibility of procuring bread and butter or 
roast beef, if it had to be spirited through them before you 
could get it. However, matters are not quite so bad as that, 
and the inmates of the cells have more chance of a dinner 
than V 70 uld appear at first sight. 

The walls of the cells, you must know, are only composed 
of thin membrane, or a delicate kind of skin, and the food (as 
you remember I told you before with regard to plants) is 
entirely liquid. 

You shall hear more about the manner of its entering the 
cells later. I will only explain now that every atom of 
nourishment supplied to the cells of either plants or animals 
has to tlmmgh these delicate walls ; you will see, there- 
fore, that no solid matter can possibly be admitted. 

But I see you are a little puzzled, and it is natural that you 
should want to know what happens to the solid food which 
yon take into your own body every day for its nourishment. 

Not a particle of it can enter into the blood-vessels and 
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mix with our bl< »u(l until it^ bus 1 mm,*u e(nn])letely melted up. 
Von am! I can no iiioro tak<‘ solid food into tlio cells of our 
body than iht‘ daisy can; only you a,nd 1 have a wonderful 
and coniplicaitMl arnup^eimml inside us for luelting up all the 
uourisliinp; a.ud iisofid parts of t he food we take, the useless 
reinaiudm' aftmavards got rid of. 

We are not. i(\arning; now about our own bodieSj and, inter- 
esting as the scitmcar of physiology is, we must not do more 
tha,u dip into it just- siiibchmtly to show somethiug of the 
ditlVrences In'tween our l)odies and tlvose of plants; hut I 
must jusi- (‘X|)lai!i sliortly t hat tlu'. food ])asses from the mouth 
to the stnmacli ; after that, it is acted upon in. various ways 
by dilferent organs and juices of tlie body, until all that is 
useful for food has betni nu,‘-lb‘d. up and made liquid. The 
liipiid food [)ass(‘s int-o the. blood-vessels by inucli the same 
process as that by wliicli tlu‘. I)}oud itst‘ll passes into the closed 
cells to nourish i.hmn. 

CELL CONTENTS. 

By this time 1 think you a-n^ feeling* a ciuiosity to enter 
those closed and doorless'^’’ cells, and to se(‘. vvliat there is inside, 
whicli, as 1. have hinted already, works so busily and silently. 

You reuKviuber w(‘. took tlie hoiieycomb for our type of 
cellular tissue, as we call this network of cells. . 

Every waxen chamber therein is filled with clear liquid 
honey ; and tfiis is iiot a bad re [) resen fatioii of the content 
of the daisy’s cells, wdiich consist principally of a jelly-lik.\ 
suhstance, more or less fluid and colourless, called proto 
plasm. A wonderfid jelly indeed is this, for no kind of lif 
whatever is known to begin without the peculiar combinatio 
of materials which goes to make it up. In this jelly-lik 
protoplasm all life takes its start, 

^1 * Although we may fairly describe the cell-walls as “ doorless A yet i>‘ 

i| some cases they are certainly pierced by thin threads of protoplasm, b; 
means of which a direct communication from cell to cell is established. 
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Do yon remember liow, at tlie bottom of tbe two scales 
of being/’ we found both animals and plants wliicli were like 
little lumps of jelly? Well, they were, in fact, little more 
than masses of protoplasm, with the germs of a low form of 
life working in them. And if we pass all up the scale of 
being and come to its crowning point, the human body, what 
do we find ? It is a marvellous and wonderful building, this 
body of ours, but it is all made out of the same materials as 
the jelly-like creature at the bottom of the scale. Yes, it is 
all originally developed from a speck of animal j^i’otoplasm,'^ 
which has been worked upon, has been made to assimilate 
fresh matter, and, finally, has been formed into this beautiful 
and perfect structure by the unseen, God-given life within ! 

Does it make you feel humbled to think that your body is 
made of exactly the same elements as that of the daisy or the 
jelly-fish ? Nay, you may rather feel a kindly sense of re- 
lationship to all your lower fellow creatures in Nature, and 
be thankful for the higher life in you, which (just as the 
spirit within you gives expression to your faces, making 
them show forth its qualities) has given this wonderful form 
and expression to the common material which a lower kind 
of life only forms into a vegetable, or into a senseless jelly- 
fish. But let us return to the cells of the daisy. 

I spoke of the busy activity of the occupants, did I not ? 
Life is hard at work amongst the little lumps of ]:)rotoplasm, 
doing many wnnderful things. Eemember all that was said 
of the green factories ” and their works ; all these things 
are done within the cells. 

In many cells we may observe, within the mass of proto- 
]3lasm, one or more darker spots. These thej^ are 

called, are like little centres where the work is most vigorous ; 
they are the busiest spots of all. 

In the jelly-like substance of the protoplasm, many other 
substances are gradually formed. 

• * Usually called sarcode. 
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In llio Inaf-cnlls lil'.Me groon iiarhcles are ho be seen (under 
hlu' niici-uscope). wliicli arc^ l.lie colouring matter of the green 
lc;if ; ami vcn-y important little atoms they are, as yon shall 
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( '('Us from poialo uonlaiiun}^ 
stiivcli graiuilus. Yury mui;li 
iixaguided. 


hoar another day. In some 
cells little grains of starch are 
foniid ; in others, tiny drops 
of oil ; but ^ve must leave out 
of (X)nsid(U’ation for the present 
all tliose other substances 
formed by the protoplasm, and 
come to the c|iiestion: What 
is protoplasm ? 

An important question like 
til is, however, cannot be an- 
swert'd in a word. 

'\"ou Ivave. taken in (and, I 
1 1 ope, assimilated) enough 
knowledge for one day, and 
we will wait till our next 


lesson to discuss fully tliis wonderful “ basis of liie,” as proto- 
plasm is often scientifically described. 


SUGGESTION TO THE TEACHEB. 

Let each child choose an animal and a iilant, and give a.s complete and 
clear an account as he is able, of the outward form of the “ body ” of each ; 
mentioning the uses of cacli part, as far as he knows them. 


LESSON IX. 

PROTOPLASM AND ITS ELEMENTS. 

Vvli&'fc is pi'otopls^siii ? Tliat is to bo our c|U0stioii for 
to-day, children. 

Outwardly, as I told you before, it resembles a sticky, 
colourless, more or less fluid jelly ; yet in this slimy, un- 
promising looking substance, tliat wonderful mystery, whicli 
we call Life, first began to show itself. The word ‘‘ proto- 
plasm comes from two Greek words : “ first,” and 

plasnicc, “ formative matter,” and this name is given because 
in this mysterious jelly-like substance, life Jirst beriins its 
work of forming or building up. the bodies of living creatures. 
Life, and the combination of elements called “ protoplasm,” 
seem so mysteriously connected that where this particular 
substance is formed — there is life. 

Here, it seems to me, it might be well to try to explain 
to you clearly what is meant by an element. In our first 
set of lessons I spoke of the “ raw materials ” taken in by 
the plant, and “cooked,” or prepared, for its own use. 
Afterwards, instead of the expression “ i-aw materials ” J 
used the word “element.” Yon understand, therefore, that 
the elements of a thing are the materials out of which it is 
made. The word means more than this, however. 

If I said: “the elements of sugar are carbon and water ” 

I should not be speaking correctly, because water is coin- 
posed, or made up, of two gases; but if I said: “the 
elements of sugar are carbon, oxvaeu » , 
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mixtures. Eacli of them, however carefully we analyse 
it, is found to be oiw and the same all through. This is 
what is meant by an element ; something which is not a 
mixture, and whicli we camiiot separate into two or more 
different materials. 

Do we know what the elements are of which protoplasm 
is composed, and can we make it, and bring a living being 
into existence? We do know its elements indeed; our men 
of science liave been al)le to analyse it and to tell us this, 
and yon sliall hear tlie results of' their investigation presently. 
But the mysteries of life are not given into our keeping; 
not the simplest of living l)eings can be brought into exist- 
ence by man. Ho has never yet succeeded in imitating 
protoplasm, well as he knows its elements ; and how it was 
first formed neither I nor any man can tell you. That 
peculiar combination of elements in which life always 
manifests itself seems sacred, and its secret is with God alone. 

But we will come to what we do know, for you are long- 
ing to hear out of what materials your bodies and mine, 
and those of every living plant and animal are built up. 

The first is quite an old friend of ours by this time. I 
told you that we should meet it often, and that you 
would have to learn to recognise it under many different 
forms. 

I think you have guessed that I am speaking of carbon. 
I told you that the principal part of the solid substance of 
plants consisted of carbon, and indeed your own bodies 
contain, and are constantly taking in as food, a large pro- 
portion of this element. 

Good charcoal consists of carbon in almost a pure state, 
but the purest form that we know of, as I told you before, 
is the diamond. 

If carbon is one of the elements out of which our bodies 


OXYGEISr AND ITS PBOrEllTIES. ^9 

)o you remember that I explaiued to you (at iJie oiul 
Lesson VI.) our dependent nature as regards our food i" 
elements of our bodies are indeed all around us, in 
earth, air, and water, but we are helpless to jireparc 
n for oursekes in such a manner that we can assimilate 
m. The kind vegetable world must do this for ns. FurtluM* 

[, it is only certain plants that produce exactly the right, 
ibinations for our food. 

low particular our bodies are about the exact, proper’ 
IS and arrangement of the elements that nourish tliem, 
they not? But the plant world is particular, too, in its 
y, and if you offered a diamond to your favourite geraiiiuiu 
muld be much puzzled howto assimilate it. Ho, reinembef*, 

) elements of life are all around us, Init it is only und(*r 
tain conditions and circumstances tliat t.lu'y can. become* 
•d for living beings. 

Let us pass now to the second element of protoplasm. 

You do not know it by sight, as yon do carbon, for it 
invisible; nor do you know it by tash^ or smell, for if. 
s neither; nor can you feel it, though it is all around 
u now. Yet you depend on it every monumt for your 
istence. 

That sounds a strange riddle, yet porliaps yon understand 
3 , and know that I am speaking of the oxygen in t ln^ 

r. 

This invisible gas is what I called ^'tlie good part of the 
r” in a former lesson, I described it so, iKcanse it. is tlie 
irt of the air which is necessary to sustain our life. This it. i 
)es by a process which I can best descrilxi as the buiming* 

; the blood and tissues of our body to produce the vital lusal. 
id force. 

This sounds very alarming perhaps, but it. is rea.lly only 
16 same thing that I said to you in our very first lesson, 
hen I spoke of the constant dying’’ of litth^. particles of 
ur body, and the consequent need of replaciiig tlunn by new 


nan'oTLASM and its Kf.RMKNTB. 


; In auMtlnT }«*.:-.'nn 1 will ivy iu explaiii the 

! iiiatfnr tnnn‘ fully tn yfui. Inil un w'ill not intermpt our 

d«‘;-cript i< >n <»f Un* t‘hnnrnis of prniuplasni in jj;’u inin it now. 

\\ is (Uinuirh ff»r tho pn-M'nt ilmi you uinhn’staiul tliat the 
<KXyp:<’n in iln* air that pari of llu' al inos])hor(‘ wliicli is 
iUMAsssary t<» niainlain your lifo. 

11}oup:h ill its juiro statu oxyp'un is an invisihh‘ p’as, it is 
i; V(‘rv willing*, mulur ;-uiiahiu cirnuinsl aiua'S, to (‘iitor into 

s (’oniliinaj ion wit li (»1 hop rlumunt s ; and wluni thus combined 

it ta,kt‘s inaiyy fonns. and is said lo roinposu ont' lialf of the 
} crust- of tlu* cartii (tbaJ is tin* onft'r la-ytu' of our j^lohe, as 

ji ' deep Jis we bavi‘ been a,ble to (•xainine it ). 

Tiiat is raJher a startling* assert i<ui, is it not? for the earth 
■ looks vt'ry s(did, and not at. all as- if it. (’ontaiiu^d so large a 

V propori-ion of an invisibir gas! Hut then, you know, we 

resohnul to kee|) in nieiuory the fact that soliils, rKpiids, and 
gases are only subsianct* under clifFcrGiit coiiditioiis, and 
that the same substance, may appear in oiu* staJe or the other 
acconling to it.s circumst.anccs. 

in the earth we set*, oxygen, combined wit h otluu' (dements, 

I in a solid form ; now I will show it to you as a li<|uid. .Ihit 

wait ! tt is ihm*. to int rodmu* t in* //nrd (‘U‘uuvnt of 

proto])lasm. 

This is called liydl*Ogenj and is another invisible, 
tasteless, odourless gas. (kunbiiu'. it in certain proportions 
with oxygen, and a Ihpiid is fornnui. What- is it? .Pure 
water. Perhaps you. reineinber that. I ha,v(* numtioned the 
d elements of water before as oxyg^m and hydrog(‘n. 

This third element, liydrogen, is not found in nai-uriwpure., 
and free from any otlier subst-anecy and tlu^ only way in 
which yon are likely to be on familiar terms with it is when 
combined with oxygen as water, I liope you arc^ vtuyy fond 
of it in that form, and tliat it is a .rcudly intimate 
acquaintance of yours ! 
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of water! they do not seem very promisiiig’ iiiuterials oul. oi 
which to build tlie wonderful liuman body and all olhcr 
living bodies ! Let us come to tlie/o/oV//- eleiueiii . 

Witrogen is another invisible, tasbdess, coloiniofes g’as ! 
It is plentiful enough, for it forms four-liftiis of the air we 
breathe. 

We need it to repair and renew tlie tissues of our ])ody, 
and without it we must inevitably waste away a,n(l diiu 

‘‘Well,” you say, “there is no iuhkI fuj* siieli a imh'nu'lioly 
end, if the air is full of it! we should bo like, a man dying ol 
starvation at a full t.able ! ” 

The nitrogen in the air, Ixjwevm*, is not. in a, suitid)l«* 
condition to be assimilated eitlier by plants or animals, 'ihe 
only useful purpose it seems to serve thus is to dilidf {Im 
oxygen which, by itself, we could not breathe. It. does not 
mix or miiMnc with, tlie oxygen in the air under ordiiiai’y 
circumstances, tliough in tropical countiies wlieia^ there a.r(^ 
very violent thunderstorms it som(‘tim(‘s does so contbine, 
and then (or whenever oxygen and nitrog(‘n and liydrogtm 
are made to combine) a substances calkxl nitric acid is 
produced. lu this form, or when the nitric acid is furthm' 
combined with potash and beconuNS saltpetre, tJie nitrogen 
becomes fit for the use of plants. l>ut |>rol)abIy the form in 
which they generally obtain tlu'ir nitrogen is as ammonia. 
This is nitrogen combined with liydrogim. 

I dare say yon have, some of you, on om^ occasion or 
another, smelt a bottle of “smelling sah.s”; and, if you took 
a good sniff the first t.ime, perhaps you W(ua^ a lit.i le. starfled 
at the stinging, pungent odour, which (jnickly brought, the 
tears to your eyes ! Tliese salts are almost, entindy madt^ 01 
ammonia, and it is this wliich giv(‘S tluvin tlu^ir irritating, 
pungent smell. 

Sal volatile is anotlior mixtiing contaiiiing ajnmonia, 
with which you are likely to l>o ac(|nauite(]. 

Ammonia is constantly being givi'n out. in various Forms 
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by all animal bodies; our pt'rsplration, for instance, eoutains 
a small cjiunitity of it. ^Plio d(‘cay oi‘ any animal substance 
always })r()duces ammonia.; so ilie atmospliere and soil are 
constantly r(‘C(‘iviuir it from ome- source or anotlier. Carbon 
lias tlio property of a])sorbing tliis subslanc(\ ''.ITie carbon in 
V the soil, of which thm-t'. is a,lways moi*e or less, takes it in 
/ and kec'ps it for tJio use oT phmis ; and in tliis combination it 
i siiiis tlami rcmiarkably W(‘1L 

Aminonia also mixers (‘asily w iili wa.ter, ami tlu‘ rain often 
conveys it thus to i.he roots of plants. 

Of coiirs(‘. it is, as usual, ikro ugh the jilanis that animals 
get tlie supply of nii.rogen which is so very necessary to 
tliein for tlie repairing and removing of their tissues. Home 
vegetables — peas and bea, ns, for inslanc(‘, — contain very ni.ucli 
more nitrogen than otluu’s; tluy an^ tiuna'lbre more nourish- 
ing, and are mucli. ustul ly vegolarians. Ibiti we luinian 
beings mostly “take a sliort. culA’ io g(‘i. our nii.rogen, and 
obtain it by eating im‘at, eggs, and otluu* animal food, which 
contain a large amount of it in a sma.ll space. 

Now wo have s])ok(‘n of four ('hmuud.s; ca,i‘bon, oxygen, 
hydrogen, and nitrogen. 'Wlien we have addend t.o tlu'so a 
very small quantity of sulphur and phosphorus wo shall 
have the elements of protoplasm compl(‘t(\ Jh’obably yon 
know sulphur in the form of a yellow •{)o\vder, sometimes 
used in medicine. It is often burn (al to st.iipefy lieca when 
the honey is to he taken, and its fumes ai\^ also cinploy(‘d io 
disinfect rooms where fever has been. 

Phosphorus, which we use, as perhaps you know, in the 
manufacture of lucifer matches, and also in medicine, is not 
found in a pure state in Nature, but always in combination with 
other substances. It is contained in the bones of all animals. 

Both sulphur and phosphorus are produced in ceiTaiii 
forms and combinations, when any animal matter dec;^s^ 
and the plant absorbs them bvits roots, with the water wliich 


l’i:()TtH'l,As\I AN!) US Kr^EMRNTS, 





Irv nil aiiiuKil h{Hli(‘s: <Mir piTspiratian, for iiistan^ 
a siiKi.li piiaiii iiy of i(. 1'h»Ml<*ca.y of any animal' > 
always piNnJncrs anunonia,; so tla/ aiinosphore - 
(‘(Misianliy na'riv il fro?n oiaa soiuxM* or anotli^ 
lias llu‘ pi'npariy of ai>SMrhin< 4 ' iJiis suhslanoo. 

Ilia soil, of wliich lluTi' is [ilways inoro or less, ^ 
aiul korps i{ for iho us«‘ (»f j)!a.nis; and. in lliis 
sails iliain roniarkahly wall. *’■' 

Auiinonia, also mixas easily with \va,h‘r, and. 
aonviys if thus 1o the I’ools of jilants. 

Of <*(»iirsa if is, as usual, tlirou<i;li iln* plants 
p'l'i, supply of nilro< 4 '(‘n wliicdi is so V(‘ry 
iliain for i lia o'pairini;’ and renawinp; of ilioir tis^>^^ 

va.i>’(‘( ablas— j)an,s and Ims'uis, for inslaru'e -contaixt 

inor(‘ nifro‘,»’(‘n flian otJuu’s; iln'y are iliaixd’oro 
ina', and. are nmcli used by v(\i4’a{a.ria,ns. Hut 
Invini^’s luosHy “ia,k(‘ a sliori. (uil ’’ lo oai, our 
obtain it by oai-inia’ niaai, no^u^s, a.nd oIIku* animal 
contain a largo amount of it in a small space. 

JMow wo .bav(^ sjioken of four (dtuiumts; carboi^ 
liydrogen, and. nil.rogtm. ‘Wlum we have added 
very small quantity of sulphur and pliosphorttg 
have tlio eloinents of protoplasm com|)l(de.. Prot 
know sulpliiir in tlio form of a ycdlow jxiwder, 
used ill medicine. It is ofi.en burned to si iipefy I: 
tlie honey is to be taken, and ii,s funuxs an^ also eiix- 
disinfect rooms wlie.ro :fever lias Ixum. 

Pliospliorvis, wliich wo use, as perhaps you kno 
manufacture of lucitcr inatclics, and also in. inedicii 
found in a pure state in Nature, but always in combine 
other substances. It is contained in the bones of all 

i3oth sulphur and phosphorus arc*, produced ^ 
forms and combinations, when any animal naatt^^y 
and the plant absorbs them l:>y its roots, with the 
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These, then, are the eleirients ot protoplasm; tJu'se, wi.Ll^. 
,ome other less important siihsta-nceSj are eonlenls of 
hose myriads of tiny cells wliich compose the mass of ^,11 
►rganisms, from the shapeless lump oi jelly ai^ t he* lioiioTu of 
he scale of life, to the wonderful human body. A ULt.lo 
arth, a little air, a little water. How i rue it is t hat 
76 are, and unto dust shall we. nhurn. ’ 

''It is the Sxurit that ((uickem'th ” dlu^ marvoihuis ( io<3L- 
;iven life within ns lias united and organised t heso cnmnio:!!. 
lements, arid formed out of them this myslerious si riur-Li i 
'JdcJb fcch, and th/lnkn^ (Oid van mina/vr af. ifs na'ji i»v rj vt ( 

Possibly this lesson may liave siMuiu'd a liith* clry a.n<l difTfx- 
nit to you. But I think we could not hopo io ev(‘n Ixyr/f. fiO 
nderstand the constitution or the. si.ructmMM^r plants witlioxif 
eincr able to form some notion of t-lu' (^lomout-s which 
ose them ; and I liope that th(‘ ph'asun' of wa,l<*hing 
lants at their daily work, and understanding a little ol wlixxt. 
ley are doing, will :rej>ay you for any <'Hbri s you ina.y lirtvo 
lade to-day. 

Let us glance back for a few mommit.s, b(d*ort^ w<^ close, jxrtcl 
lake it clear to ourselves whence tlu^ plaut.s i»b!ain (*ae.li of 
le necessary elements. 

(1) Carbon by th .0 leaves, out of tin- air, in t.lu‘ foi'in 
of carbonic acid gas, a combination ol* oxygm and carboia, 
as explained in Lesson V. T.lu‘. l(.‘av(‘s s(*j)arat(d,hes(^ Lwo 
elements, keeping the carbon For tiunr own us(\, ;x'i:x<f 
setting free the oxygen, which is so maa^ssary for our l i.fo. 
Thus they " purify the air for us. Carbon is also tadcoxx 
in by the roots, from the soil, as carbonic a<ud (again e.oixx- 
bined with oxygen) dissolved in wat.m*. 

(2) Oxygen is taken in wii.li 

(3) Hydrogen, as water, liy thci roots, and rxs 
vapour by the leaves. Under certain ciiammsiiaiioos 
some pure oxygen is taken in from tJu*. air by tJie h%*^ves, 
and more especially by the flowers of plant-s. 
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(4) Nitrog’eii hy i\u^ vomhumd ^^n{h. hydro- 

n- mnnioniiu ami in sn!in' nf lim' coinirniatdoiis. 

(5) Sulphur and Pliospliorus by ihe roots, 
in v.'irinns in inibinal inns w iih ot lmr siibsiarux's. They 
ans ns|MM*ially hmiHl in suilahln lorni for absorption by 
tin' {)lani whia'n Uh‘ dnt’av uf aniinal iua,ticr is rroincr 

* • o o 

nit. 


SlJGK^ES’riONS TO THE TEACIIEK. 

Ill ordtT loiNfuti v llx' rfsu!!:. of (liiVcrciil <’ninliin;il ions of chancuOs, let 
children t r v how (iilTcrcnl linis jii<’y enn iundiicc wit.ii tlie tlirce 

cardinal ('ulours, r<*d. hhn*, and yellow. 

In the <'as«‘ oC e/nls }ios:-es;-.in:'; some knowh tlyc of I’ookiiuj;, the, subject 
inip;ht. be shidied by ea<di takiiii.," a lyiven <iuanli<,y ot l.hree. or more ingre- 
dii'tds (say siejar, bntiin-, and etrir) and eookin;.:; (innu aec.ordmg to a 
dilTcrcnt. plan oT (nnnbinat ion ; Mk^ results being prodiu’cd alterwards for 
com{iaris(.)n. 



LESSON X. 

CELLS AND VESSELS. THEIR GROWTH 
AND DEVELOPMENT. 

We were out in the wide world in our last lesson, children, 
hunting for the elements out of which the bodies of plants 
and animals are built. 

To-day, however, I propose to confine ourselves to a 
narrower space. 

Let us enter again in spirit, as we have done before, into 
the body of the daisy, and examine more closely into the 
structure of those minute cells of which every part of it is 
composed. 

Of the protoplasm which these cells contain we have 
spoken pretty fully, and possibly you remember my allusion 
to the little green particles embedded in it, which form the 
colouring matter of the leaf, and which I said were very 
important little atoms indeed. These two — the protoplasm 
and the green atoms, called clilorophyll — are the busy 
workers within the closed cells, by whom all the life of the 
plant is carried on. 

Ill the centre of the cell, within the protoplasm, we shall 
generally find little spaces, called vacuoles, filled with cell- 
1^' sap, that is with fluid (containing various substances in 
I solution) which has been taken up by the roots. This is the 

raw material for the use of those busy workers. 

Let us now examine these doorless walls which shut them 
in, and see how, and of what they are made. 

The material is called cellulose, and it is composed of 
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thn'p (»r tlu' '»!’ |>n >Uj|>l;isin, n;ini<‘lv carbon, oxygen, 

ami li ydnigi'i). 

nn* alsn i!n' rhomoiis of sugar a, ml siarcb, and even 
i!ir proportions an* tin* sanu* as in the case of starch, so 
(as wo said ono* lH‘roiv wlion spt'aking of gum and sugar, 
which have the. sann* clmnonis in the same proportions) the 
only dilferenc'e can hr in the mixing. 

You will net ice that t\itrog<un whicii forms sncli an hnport- 
aiul (‘lenient' in tin* |u’<>top]a.sm, is not' to bi* lound in ilie cell- 
walls whi(di (*m‘h*s(* if . I'lmsi* wails do no \vork except that 
of prot('ct ing tin* Wiirking* inat(*mil within tb(*m , tihey aie less 
alive than tiieir (a.nteut.s, which is a sta-angi* thought, when 
you considt'T that- t'lu'V aia* at'tually portions ot. the same living 
organism. Ihit' it is a fart that, not only in the vegetable 
luiti aJso in tin* aiuimai world, <‘a.ch individuai pLiiiti oi animal 
is made up ol lunubt'rs oi lit I k' working, living, sepaiate 
atoms, (‘a,'Ch wit h it.s own lilik* pi(‘<a* ol work to do lor the 
gemuvd liody ; and i.his g(*neral body (h*pi*nds for it-s comfort 
and liealtb upon tin* manm*!' in which (‘U'Cli ol tin* w('(.*' ationis 
does its duty. dMn*. body is ivaiiy a, mult.it'iuh^ in one. 

We may carry tliati t.iiuught' on, il w(‘ lik(*, jukI look upon 
ourselve.s as tiny, si'paratcs C(*lls in t in* gri'ah body oi liumaiiity, 
and remember t.liat t.ln^ rigid, doing oi our work is of leal 
importance t.o that body, just as it. ma,( t(‘rs to our litt.le daisy 
whether the wee cells of it.s l(\avi*s are working p^’eperly and 
doing tlieir duty or not.. 

Jhitto ri‘tvirn to tin* walls. “ flow wi'n* tlnyy Imilt yon 
ask. 

Let us go to th(‘' very bott.om ol tin*- sca>l(* oL liie <'i,nd sec 
for ourselves. 

Here, on the animal side, wt3 see sliapeless s]>c*cks of sliuu 
which are nothing more than little lumps of animal protO' 

* Eefercnco to embryology aiipcaiing unsuitn.bie in a, work inicndcHl iu 
cMldrenj it lias been necessary to take all illustrations of t he ])roccss c 
development or evolution from existing forms of life of tlio lowt^sl' kYpos. 
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plasm as we may call it. In fact, tliey are lilcc tlie con- 
tents of a single cell, without any protecting walls at all. 
On the vegetable side, the specks of jelly wliicli form tlie 
lowest plants have made already a faint attempt to provide 
themselves with a covering and protecting memlirane. d'’lie 
outside of them, f is firmer and stickh'r tlian the inside ; in 
fact, the protoplasm is at work making itself a house'. 

It is the nature of plant life to d('veloj) in tiiis way, 
sepai'ating off each little cell from its m'ighhour by waJIs, 
which, as we shall see, often iK'Come v(‘ry thick and firm 
indeed. 

The animal life develo])S sonu'wliat dilfm^^ntly. d'lie c(dl 
membranes have not quite the same clunnic'al eomposil ion, 
and they do not, as a iMile, bc'ccme t.liick and (Irm a,s in ilm 
vegetable. 

A little liigher rip in thi^ scali^ of vi'gcTalih' lile w(‘ (imi t.hal 
the protoplasm, after forrning a tiiicki'r laym* on its onlside, 
as we saw befoj*e, lias now begun to build (ii-m, (‘iiclosiug wa,lls. 
As we go higher up tlie scale of vegiTabh^ lilt', 1 lu'Si' walls 
become more distinct and iir.m. 

Finally, wo arrive at plants lik(^ our lii.th^ daisy, wliicdi 
is built up of a number of sqnrnt/r, individual cidls, ('acli 
surrounded by its wall, each doing its oini. work, but, as w(‘ 
shall see, nol by any nioaus each flir sfc/nr work tlnit; its iKugh- 
hours do. 

You may have tlionglit, hitherto, tliat all tlu' C('lls of our 
daisy were the same in sliape, liadtlu^ sauu' thii^km'ss of waJIs, 
and did tlie same work. But this is not so. Appaixml ly our 
daisy has got beyond thinking that eviuy om^ should 1)(‘ c({iial, 
and that the world would bo happier if <wery man wtu-e exacl ly 
like his brother man. At the bottom of ihi^ scah^ of lib*, 
down amongst the little lumps of jelly, it was so. 'TIkum*, in 
those lowest forms of plant-life, each cell (if tJiere wort* nion^ 
than one; for some of tliese wee, simple plants can boa.st but 
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ui* a j^iiigle cell, like a one-rooiucd cottage, wiierein all tlie work 
of lifi^ must go on) each cell is (exactly like its neiglil^oiir, and 
each cell “ does everything — it al)Sorbs and assimilates food, 
it grows, and can. produce other Cecils like itstdf. It does not 
depend on otlier cells for anytliiiig, and if it be Separated 
from them, it really does not mind a 1)it, 1)ut sets up house 
for itself epuL^. liapjuly ! 

Ill tlieso vi'ry low forms of v('g(‘1;il)le litc, any liit cut of! 
from a plant will live, and grow, b(‘cans(^ (‘aeli. cell is really 
complete in itsidf, and ind(‘p(mdent of tJu' otbm’S. Now that 

may set' m very ati ractiec ; but if 
wo are to follow Nature and her 
(eaehiugs, \i, is not tli(‘ liighost and 
bt'st ideal 1o s<‘t In'Tort'. oneself, 
ho!’ which of you can doubt that 
t lu^. beautiful IxM'cli-trt't'S of our 
woods, the violej.s and roses of 
oin* gardens, or this little daisy 
we art', examining, have a higher 
kind of lift^ than thn,tof the green 
slime growing on wet stones, or 
evtm. tlu'. “dnckw(*ed’’ in a stag- 
nant pond ? 

The duckweed, liowevcw, lias bt'gun to set the cells of its 
body to different works. Some of them make up ihe little 
white roots wdiicli hang down in the waiter, and it is their 
business to aljsorb (kc nourii^h.nu'iit for the tiny plant, friien 
the cells of the small green leavc'S must ‘‘ cook” or prepare it, 
whilst those of the minute and very inconspicuons ilowers 
must do their several parts to prodace (he seal. 

We are ready now to glance at one or two diiferent kinds 
of cells which, amongst the higher plants, have beem set to 
special work. 

The lowest forms of life, both animal and vegetable, are 
mostly to be found in water, where they are saved the trouble 


Lciiind viinor 

roiuo ou tho niari^ins 
of tho h^wos. To tlio 
right is a iiiagni(i(‘(l 
Ilowor whicli can S(^t 
seocl, thongli it has no 
bright petals. 
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of supporting their own weight, und lloat iazily wil IkmiI 

a bone of any sort (much less a backbone, which is ahvaA s 
getting into a rounded position, and causiug its possessor to 
be scolded and desired to sit up ) ! 

The green inhabitants of tlie earth, linwever, when «me.e 
they have be^gun to aspire to ris(^ above the, brown soil a,nd 
enjoy a bath of sun and air, must. 1)0 |)rovi{l(al with snitM-lhing 
stiller in their composition tliaii. tliin waJle<l (*(‘!ls. 

Did you ever see a l)oii(|iiet of sio'k'ton lea,\'es r 

They are leaves from which all th<‘ soli, gr(‘cm snhslam’f* 
lias been removed by some, process, and only 1 he w hib* 
work of so-called ‘^veins’' is lih‘t. \ <‘rv prei 1 y a.ml la,<‘eiike 
is the delicate tracery of this (iiur. m^l work. ihit. wlial is if t 

The very word skc'hdon " may Ii(‘lp ns lo tlie rirdil view 
of its nature, for it reprt'seni.s oiir bones i'a,lher ihan niir 
veins. It is that wliicli gives (irninoss and stidne; s b* tin* 
SUiTOimdiiig tissue, and wit.hout smii a pr<*\ isinn ol " rib-^ 
or “bones” the leal w’ould be. vany limp ainl t'va’eedlu'dy 
liable to get torn and in jured. 

Look at the linn, strong stalks oF plants. 1h(‘y an* evident I y 
of the same nature. 

Now look at tlio woody stmn <d* a lila.(^ a, ml then at the 
great, strong trimk oF an oak or b(H‘(*h. 

What sort of cells composes i.Iu*) ludwork of tin* leal, tin* 
stalk of a llower, tlie stem oF a shrub, or the trunk tsf a. Irrc, 
do you suppose ? 

Let us see. 

In tlie cells forming the soFl<, g*n‘(‘n part oF t.in* dai-sy-LaF 
the protoplasm lias been cont-i'iibal to snri*(nnid i(:*u*ir with 
thin, delicate walls, through wliicli the smdighf. and air, n*- 
quired for its inanuFacturing work, miglii. i*a.sily [lein*! rate. 
But in many cases, whore a hrme.r substance, is i-eijuired, fresfi 
layers are repeatedly added by l.ho proi.opla.sm to tJn^ ualls nF 
the cells, until they become soimdinu's so tJiiek a.s b> jrave 
hardly any space inside the ceil The siiells oF nuts and the 
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of rh«*rrii‘H an* inadt* uf such cells as tliescs and many 
iniiifli ami leathery leav(‘S havt^ thiekmied cell-walls. 

We TiHHt reinn.rlc. however, t hat, as a rule, these layers of 
ihii'kmiinu' material an* not (ii'posiieil in an unbroken circle 
all round tin* C(‘ll, ])iit in such a wa.y as to leave tiny passages 
open to tlu' old CeU”Wa.ll. 

Tht'se passages are so arrangial as to liave their ends 
exuA'ilv opposite to tin* passage's of tJu* next cell, only the 
original iliin eell-\\a.ll eoniing belwi'i'n. dims, you see, there 
is st ill a, possibility of sonus sort of comnumication between 
!\t‘xt door lu'ighbours, wliieh would ha,nlly the case if they 
ha<l to (‘a.rry it, on through those* ti'rribly thick walls! 

dlie form of a ce'li which is not j)n*ss{‘d upon and can grow 
c,omrort a.bl\a is usually more or h'ss t hat of a circh*, or an oval 
but the* pn'ssiin* of oi hi'r growing ('etls around it, and various 
otluu’ ciremmst aiu'i'S in its developnu'nt, ma,y cause it to take 
nu'ury didcn'nt shapi*s. 

dln^ cells of the green, tissiu*. from our daisy’s leaf wen 
like an. irregular crinklc*d lu'twork ; otlu'rs will take mon 
n^gnlar forms, often rcsi'inbli ng crystals. 

Now, if i e,xandno through my microscope a ])article fron 
th.e mid-rib of a U^af, 1 (iiul that tln^ shape*, of tiu'! cells whic. 
compose it is totally dillbrent, from the more or less rounde 
forms we have looked at hitliorto. d1i(*y are long an 
narrow, and they ta])er to a ])()lnt at I'ach (md, so that the 
(it together like spliced stidcs. dlieir walls are tliickened b 
a woody de])osit, which has been laid upon tlieiu by tL 
protoplasm. 

Yon can easily see liow very strong a sid)stanco forme 
of such cells can become. In fact, tins is the “wood 
.matter” which composes tlie principal part of tlie trunks ( 
trees. The stringy part of the stalks of (lax and hemp 
also made up of long, thick-walled cells like tliese, and tli 
is the secret of their toughness and strength. 

Amongst such woody tissue we may often find anoth 
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structure of a tubular shape which i must now dosc-nho 

to you. _ . ..... 

The common plantain growing 1)y the wayside will iuriush 

us with an example of wliat we want. 

Gather the largest leaf you can iind. You will ni>fico 
some little green threads in the s(;ilk, which you c;ui very 
easily pull out, and which leavc^ little holes where ilioy have 
been. If we boil these thre.ads i( will make (.lumi very much 



lianginp: <ml. from f.lu’! liroUon sljilk;;. 

easier to .manage. Tlien, i(* I one to with nrrtllrs, 

and examine a morsel of it tlirongli my iiii(Tos{‘o|)(\ 1 am sure 
to find some of these curious tubes. 

See, this one has a fibre coih^d u]) as cIos<‘ as |K,ssibl«* 
inside it, throughout its whole hmgiJi. Onr of them has 
been torn by my needles, and tlu^ fibre has come out ef it:, 
tube, and partly micoiled, looking like a delicaid' tmalriL In 
another the fibre is quite loosely coiled, ami a third ha:, nnly 
rings inside it. 
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'rhene tubes are crilled vessels. are formed by the 

union of a ninn])er of cells wbich lia|T|)en io be placed end 
to end. The partitions bt‘t\ve«*n iliest^ cells l)reak down and 
disappear, and a hnig vessel is thus fornu^d. The CAirioiis 
coil of fil)re within these tubes is (ns usual) the work of the 
proto pi asm. 


I k.. 



VkssuIh from Uk' iibr<' of a. jilanlain leaf, as skioj i}ironj.^li 
the microHcoix'. 

Sometimes only rings are formed ; and, indeed, in plan- 
only just far enougli up the scale of lif(‘. to liave, such, vessel 
this is the usual arrangement. 

Sometimes, as we have seen, a coTn])let(% and even occasioi 
ally a double coil of librc is produced, which can be piilk 
out of the tube. 

Sometimes, again, the thickening is laid down nearly ? 
over the walls of the vessel, the tiny nnthickened spac 
between looking like dots or pit s. Tliere are many varieti 
of appearances, which are all caijsed by the different mann 
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in which the thickening layer is deposit, ed on (he ''all- h\ <hi 

protoplasm. , . . 1 . 

And what is tho nso of thcso \t*ss( s . \ou a ^ ^ 

It has long been a disputed point, but some expennirnl > 
have, it is generally considered, proved tliaf they s-rv a-. 
channels to help in the distribution of tlu‘ sap (.■uul a,- 
certain gases taken up by the roots) to tlie ei'lls. t I a: „ 

SO, you will s<*<‘ {lull !nan\ 
])kuits (though iHJt a!!) iu>\f a 
cerlaiu auiulHU’ ot* “ passagi’.- 
ill their ‘‘ luuist^,'' alter nil. 
bring tlic^ inod-siippl} t<> tin’ 
doorlrss cIuuuIhm'S. lait 
tainly noun iii’t* praviih'd uith 
such a nrt'WiM'k el priS’-.'iyv . 
as is thi' case in t he In 'U: 
of the. n,niiiial. 

Ivoughly sjx'.'ik ing; may 

s;i,y : 

( i) h 1 n‘! hill-walled, luor*' 
or less rounded art* 

nse.d mostly I’ei' the ;ib; 
tion, irianufactirre, and storage of the jik'ud.'s Tood. 

( 2 ) The narrow, tliick(‘ne-d ctdis For .givinri^ stmieih to 
the various ])arts. 

( 3 ) And the vessels for carrying and dist rilmt iny; the 
sap and gases amongst tin* cud Is. 

One more qiiestion \vt^ must ;isk Ix'Fore we elose. 

How does the plant grow ? Idu* tany seedlin**; ran hme 
but a small number of cells, com |>;u*ed to thosi* in the {'ull- 
grown tree ; how do the ccdls lu ultijily ? 

It is a simple ])roc(‘.ss — noiu^ could Ik* simpler. 

The protoplasm of each cu*lk as it. |•(‘a.(dle.s a, <'erf ain ; ire, 
divides into two (or soinctinies nion*) portions ; a, new uall 
* Made by Mr. Herbert iSp»‘n<’er. 


bbo. 26. 



I. Diiignuii of Jt .singlti- 
celled plaut. 

2 and 3. Ditiu (UviCling. 
O.w. Cell wall. .Pr. Pro- 
toplasm. V. Vacnobt. 

N. Nucleus, 'u. NucleohiB. 

ck. Oliloropliyll. 
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\)u\\i up hoilweon p(>rru)ns, and, (‘.acli linconies a separate 

enll. 

Tlu'se new cells t hen sei to work l.o l^tow until they also 
arrive, ai the slan’o when t luur size remhu’s it necessary for the 
proto]>lasin to divid(‘ into two oj- mort* separate masses;'^' and 
so t he mult iplicai ion of tlu‘ cells a, nd tlie jj^rowth of the plant 
^oes on. 

Then* are vai'ious dilTere.nt uiaarners in which this division 
of cells is (‘Hecii'd, hut. w(‘ must, not stay to speak of them 

to-day ; and the priiu'iph* is the saim* in all ™i*’r()wth by division 

of the proioplasnn a, ml tlu' cons<*( jm‘nl, multi jdication of 
cells. 

SUGGESTION TO THE TEACHER. 

In or(l(!r to study tlut fninu^-work (»!' plants, hd, thu children collect 
leaves n,nd, make carcrul <lra\viiii;-s nt their “ ribs ” ami ‘‘ veins,” noting the 
great variation in the arrangcunent of in dilV(!renl, pla,rits. It would 

he dcsirahle, if {K)ssihlc, for the children to r(;du(‘.e h\*iv(!S, seed-vessels, etc,, 
to skeletons, hut tlie process is i.oo t.(uIious and delicaii^ for most cluldren 
to manage. A recipe is however a.pp(‘mh?d. 

Steep the leaves in rain wa.t er, in an ojkui visssel, exjjost'd (o the air and 
sun. Water must he ooca,siona.llY a.(ld(M!, to compensate loss by evapora- 
tion. The leaves will putref.y, a.nd l,hcn their nu‘ml)rancs will begin to 
separate. Then lay them on a clean whitt^ plate lillcd with clean water, 
and, with gentle touches, take oiT, wii.h ;i still paint brush, the external 
membranes, separating them continually near the middle rib. 

The necessity for the fission of the (’clls, when t.hey reach a certair 
size, arises out of the diflicnlty of snp])lying t.hc protoplasm with food 
when its bulk becomes too great, rehitively to tlie wall-surface, wliicli act: 
as the medium for the conveyance of the supplies. 


LESSON XI. 

HOW THE PLANT FEEDS. 


We come back to-day, cliildren, aftcvr oiir jonriKy’ Ihi'oiiyli 
the plant's green body, to a pressing qm^slion oT daily life., 
which we all ol: ns liave to cojisider two or three liiun's a, day, 
at least ! 

We have considered it already to sonn^ exlmii' in mir 
Fourth, Fii'th, and Sixth L(\ssons, niuto’ Mn^ ‘‘ Assi- 

milation.” We learnt in Lesson IV. wliicli the, (trga.ns 
of absorption and assiniila,tion in plaids, a,nd in wliaX luian 
the raw material was la.k(‘n in by them. 

Lesson V. described tlu^ inanufaci inx^. of tJu^ I’ood, a.nd its 
storage in various ])arts of tlie plant- ; and gavc^ details a,s io 
the plant’s powers of abstraciing the! carbon from I ho air, for 
its own use, and to our gjaxat- advant.age. 

In Lesson Vi. wt‘ sj)oke. of th(‘. substan('(*s nu'uh^ in tln^ 
'‘green factories,” and considtnxsl tlndr us(‘s from our own 
point of view, and that of the j>la!dL 

In Lesson IX. wt‘. examimul into (-lu‘. ehnmnds of pi'oto- 
plasm, and. saw wlumce these matcndals wi‘n‘ obta,iin‘(l by the 
plant for its snstenanc(‘. and growlJi. 

We luwe learnt, t-lion : 

dhat tbe 'roal tand /ro'/v'.s* ar(^ tliC! ‘priUfi jud oi’ga,ns of 
absorption and assimilation. 

(2) That substance,'^ can only be ahi^orh'd by the ]>Iant in 
the form of lu/idds or (jaxc^. 

(3) That the ram maUriaU, taken in by i-lm root and \rn\\ 

are afterwards for use by tbe (fr/ion, ///e erZ/.s- of 
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tlie leaves uiuloi’ ilu^ InjJncnvr of sioi/hfld; and that, linally 
the of tln^ food (fonniiig various coinpoiinds, differinc 

according to tlic natiins condiitons, and circiirn stances of tin 
plant) is dn/rd airufi in various parts of the plant for future use 
( 4 ) That the rlrmrolH of profojilasni are (‘a.rhon, oxygen 
hydrogen, and nUrogen^ with a niinuto (jiiantity of nudphwr anc 
pJioxpliorus ; and that of those thojlrd is takcni in principalh 
by the leavcH, hxnn tlu^. (dr; the /vro /ir.i'f as wetter, by th 
roots; and the three re)n((.udng elroienfr, in various combina 
tions and solutions, by tln^ roofs, From the solL 

^.r!u‘. qiH'.stion that. r<,nn;uns for us to ask to-day is: 

^^How does the plant feed ? ” 

First, ho\vev(‘r, .1. ha.v(^ oiu^ wo)rd more to say as to th 
Tuaterials of its food. 

The four principal (‘huntuds of j)roio])la,sm a.ro the nios 
important of t]ies(^ ly j’ar, bul; 1 . must, not; let you think the' 
are the only substanec^s which are lu'oded for tlie plant’ 
liealthy sustenance, Qnitn a long list of mineral sub 
stances are to be foil Jid in niinnte. (juantitii's in ])lants; an 
small tliough the quantity may bis some of them arc genei 
ally necc^ssary to vmy existence of tlu'. jilant, as lias bee; 
proved by niajiy iiit.erc^st.ing and curious experiments. Tha 
will not seem so strangi* to you wlu'ii you considm* that you 
own body cannot do without a certn,iu mineral, substance 
wliich, you eat in very small {piantitles, and jierhaps withoii 
even knowing it, at almost every m(‘a.l. ] am sjieakin 

of conmon mil, which is really one of i.he nrressf/ries c 
life. 

Some child says : I never eat salt, I do not like it ! ” 
But you drink milk, do you not? and milk contains 
minute cpiantity of salt, as do other foods. ] 3 esides whicl 
a little salt is usually added in all cooking — even in th 
process of bread-making. 

And what are these mineral substances which are th 


MINERAL FOODS AND HOW ABSORBED. 


‘^7 

Well, we may mention first the elements of coinnion salt 
itself (chlorine and sodium.) 

Sulphur and phosphorus we hav(‘ s])()ken of already, as 
entering into the composition of protoplasm. 

Besides these, potash and soda, lime, magnesia, and 
iron will perhaps be those best known to yon In* nanu*. 
Silica, or quartz, which, forms the ])rinci|)al part of sand 
and sandstone, hint, etc., is a very important elenumt. in some 
plants. It is this atony substance wliicli givi'S the fi.rmness 
and the shiny appearance to straw, reeds, and grasst‘s. It is 
said that in warm climates, during violent Ivurrieanes, n‘(‘ds 
have actually produced fires by merely striking togdher in 
the wind, owing to the amount of this {linty rnatim’ which 
they contain ! 

You will wonder how this most insol nbl(‘. stony material 
can possibly be taken in by plants; but, though insoluble in 
water, silica, in combinatioii with other substanci‘s, lH‘C!omes 
decomposed, and rcmdercd fit for tlu^ ■{)lant to absorb. 
Changes like this are constantly going on in the (‘arth, the 
insoluble being couvorted into solubh^ mattcu* l)y various 
agencies. Sometimes ilu^ iiuvrc^ ch<uuical union (d* two 
elements is snfiicieut to produce a lujuid oi* a gas which caii 
he easily absorbed. (Oxygcm and liydrogcm foiun wat<u* ; 
nitrogen and hydrogen produce ammonia; ca,rl)on and 
oxygen carbonic acid, and so forth.) Ibit in spiU‘ of tlu‘st‘ 
natural chemical (>])crations, much useful food renia-ins in a 
solid and insoluble condition in iJu’s soil, and must. b(‘ 
useless to plants as long as it remains so. 

It is thought by some that the roots of plants, wlum they 
come in contact witli such solid .material, in th(‘. soil, have tlui 
power to give out an acid juice, which melts up thc^ 
delightful lump, and renders it ‘‘ digestibhC’ as wc. may say, 
that is, fit to be absorbed. Wliether tliis o!)scrvation Ix^ 
correct or not, it is cpiite certain tliat the whole earth teems 
with a countless multitude of tiny workers, wiic.) arc^ as (,>uKy 
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as llipy an* small fam] Hint is sayiiiy; a ynvat deal!) and who 
lirrak u|) tlifsf masHi*s of plant food and gradually render 
tlmin solubb* ami availahb* for i lls* ust* nf ilie livingry roots. 

What 11 St ‘fill liith* agnnis! What are tlmy ? 

Well, they an* the* very hninlih* n*lativ(*s of the ])lants to 
wliicdi tliey niiiusltn*. 

dVio minute te ht* st*<'n (‘\-(*ej)t hy tin* aid of tlie microscope, 
v»TV simph* indf«*d in form and eonstaaict ion, quite at the 
bottom of tho .s<*alt* of life, these littJe atoms still are 
ninnlu'red amongst l/if(*\s ehildren, and have their place in 
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The yt'iiHl plant, ami iia mt'tlntd nf j'lniwhiL'; au<i multiplying^ Mfji.ila <1. 


the \'eg(dal)}(* Kingdom, and tlu'ir spt'c.ial \vorks™“and some 
of them most inqtori-anl ones- to do. As an (*xamplo o: 
this class of tiny worki^rs, 1 may nu^ntion tin* little yeast 
plant, whicli, hy its growth and rapid multiplication 
produc(‘S tlu‘ commot ion and changes whic'li wi* call fermen 
tation in the of IJk* grapi* or malted liipior, convertiiq 
the sugar into alcohol. I>v iht*. agency of this tinj 
microscopic plant, W(^ an* thus furnished witli wine and beei 
Now that we have si‘en tlu*. materials of ])lant loo< 
renderexl soluble and r(‘.ady to be absorb(*d, \v(* an* ])repare' 
to ask the question : “ Ilow dot*s the jdant feed ? ” 

How do you and J take in our lood ? 

It is simple enough, you think; we just 0{)(‘n our moutl: 
and eat it ! 

But let us think over the process a little more carefull; 
Suppose one eats a piece of bread. '^I'lie l)r(*ad enters tl 
mouth in a solid form. There it is ground up by the teet 
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and mingled with the fluid in the intuith, wliirh partly 
digests it, ond changes the starch contained therein intn 
sugar, as I told yon. in a former h\‘«;.son. 

Sugar, yon know, is soluble, tlioiigli stareli is net ; and. (tn 
entering the stomach, that part of t.lie staridi (d* bread wideli 
has been converted into sugar is r(‘a<ly !<> be rd) (U'ImmI infe 
our blood. 

How is this accoin j)lish(‘(I ? 

Numbers of small Idood-yc'ssids a!'<‘ sii.u;ift*d nil rumel i le^ 
walls of the stomach, ready to absorb any part of I ho iond 
which has been properly meltiMl up and ptvparrd f(, .niter 
the blood; but these minui(^ (ub(‘s baae no oj)i‘nin'’\- ilio 
membrane which, forms their walls has no bn-uJ; in it. ^ on 
see it is the old story again of tin* doorle erlls. i- if not r 
and the only way is through I lu* walls! Ami /s ■<-"/// limr 
walls of iuem])i‘aii(‘. it. is that fhr j'ihkI hris to 

Now you will ea.sily s(‘e tlia.t a bunch of lilth' ro. ; in a. 
moist and ftu'tile soil an^ in pn'cis.dy I he : a.im* <’a.: o a - tlm 
network of little blood-vi'ssids in tlu^ stonmeh. ddie b.od i 
there, suitable in kind, and in lifpiid form, oidy wrutin**' to bo 
absorbed; but liow shall it, (mtnr tin* (dosod erdl ■ of I ho 
thirsty rootlet ? 

People used to think that tlu*. tips of the ro(dle{:i had linv 
holes, and that tlu'.y siudcial up (lu^ food liio* sp<ingo:', ; and *• 
they called the rootd.ips sponjgioles, ami you may lie.ar tln^ 
word to this day, tlioiigli we know Indbrn now. 

No! It is not tln^ plant wiihdi sticks, but rather tin- 
water wliich soaks. It pmudrates iJn* et-H by : oal.im*’ 
through the cell membra, or wa.ll, lor wliieh it. ha:; wh,a,t i ^ 
called in chemistry ‘^‘a,n ailinity/’ or, as you may : a,v, to make' 
it plain to yourseJl’, a liking. 

To understand this matter beti.er 1 l.hink you mii; I fry om* 
easy experiment. Get a long glass tube, ami tie a idadder 
tightly over one end of it, in sucli a manner that the bladder 
forms a little bag opening into tlu^ tube. 
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Now fill the bladder with some syrup made of sugar and 
water, and plunge it into a bowl of xDure water, securing the 
tube in an upright position, with the bladder under water. 
Leave it thus for a short time. 

Now what has happened ? 

Why the syrup has filled the bladder 
quite full, and is rising up into the 
tube ! ’’ 

Well, the syrup cannot have increased 
in quantity, can it ? So it must be the 
water out of the bowl which has pene- 
trated through the bladder, or mem- 
brane,” to mis with the syrup. 

This passage of fluids from without, 
through an intervening membrane, to the 
interior of the cell, is called osmosis; 
and you must notice that it depends 
principally on two conditions. First, the 
fluid outside the skin or membrane must 
have an affinity ” (or liking) for the 
kind of membrane which it is to penetrate. 

And, secondly, the fluid inside the cell 
must be thicker than that outside, and the 
two fluids must also have an affinitij for 
each other, and be able to mix when they 
meet. 

This sets up a kind of current between 
the two fluids, and, at the same time that 
the thin fluid is hurrying through the mem- 
brane to reach the thicker one inside, the latter is also passing 
(though much more slowly and in less quantity) from within 
to without the membrane to join its friend, the thinner liquid. 

Now we shall see that all these conditions are fulfilled both 
in the case of the blood-vessels in the stomach, and the root- 
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The tube with the 
bladder tied over it. 


TTIK <'lK<‘UhATlnN Of 'PU K P. 

In the cas (3 of tlio bluod-v«‘SS«‘ls, tin* rurml. r;un', ' T"' . ' 

is supplied by tludr dnlic^Un matin- f-r whinb tin' 
of sugar has a strong adinit.y ; and tin* roigar li nrn- - t-* 
througli tills inoinbrann and join tb'' HmmI uiflnn it. 

In tlie case oL’ the rontiets, tin* (''‘ils just .'hh f !<.• 
have very thin and d(‘liea,l«* walls, wlti<*li atv p- 

by the water from the seif oarrying van-ii. oi 

solution. 

The water is thinner than tin* snmi-llirnf naiy -.n.'* o’* 

of the cells oi; tlio plant., so tin* in'eossary enrn-nt i ' 
lislied, the water hasb'iiing to s(tak tin* c>‘!i .wa..r. !‘e' v. ; r 
it has the necessa.ry ailinity, and to juin tin* thu’:.-!- hi;:d 
within. At the sannHann*, a small i|uaiitit\ ot fh*- c.na nt 
of the cells escapes into tin* soil, wlim* it |m (..ni rl 

friend, tlie wat(*r. dins yon will s»*(' how it i p^ tii o 

the acid juice we spoki* ot may lx* give out by tin-' <>* 

plants for the digvst. ion’' of lumps of b.t.d <*<<{!{ aamd m t 

earth. 

When tlie water lias (Mit(‘red ( he lirst {*r!f a . I hnv** fi- ' 
scribed, you can etisily nn(h*rHia.nd that, by (‘xanf ly t ?n« ru' r 
process, a part of it will pass through (In* wall - oi thai sp! <■ 
chamber into tlie. neighbouring one, and thus {’<<iunns^ it. 
course throughout tilii^ [ik'int, bringing snpplio ; hrun o. 11 P< 
cell, or, soTuetinies, nior<^ ra.pidly, by nn'ans ol tin* 
which 1 have bcton^ (h‘S(*rib<*d. 

Not Ikpiids only are thms l.aJvi*!! ii{) by tin* rout , but al u 
some gases, contained in tJic! soil, (‘iib'r tin* relh- i>y thr aino 
process as the water, and tu’e^ etirried along through t in* {‘rvil 
and vessels with tlio sap, a.s tln^ food-bringang jniee i 
called. 

Plants, you see, have no circulation such aa ours; un > uuh 
definite system of pipes or tnl)eB, through whi(*h tin* nouri h 
ing blood is pumped to feed ov(‘ry hungry cidl in tin* IxhIv, 
Nevertheless, it is astonishing how ra,pi<!ly tJn* li(|ui(f lakm in 
by the roots, ascends from cell to Cidf or cidl to vossul, \v}n*n 
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— throiigli wliat part it descends again to all the growing 
portions requiring nourishment. 

On the whole, it is believed that the iqyivarcl course is 
maiiilT through the nearer part of the wood of the trunk (not 
the layer next to the centre of the stem), and that the 
(Jrsrrsd talcos place through the tlssi'cs close undernecitli the 
boric, 

But, once again, remember that there is no definjite 
set of vessels to cany the ascending sap, distinct frpm 
those conveying the descending food ; so you must not think 
of the circulation of the sap in plants as being exactly the 
same thing as the circulation of oar blood. 

In concluding our lesson for to-day, let us put the processes 
of the feeding of the body in animals and in plants side by 
side, and compare them. 

In Animals the food is taken in by the mouth, in , 
solid form : is rendered soluble by various processes in the < 
mouth, stomach, and intestines ; is absorbed by the blood- / 
vessels by osmosis ; is carried with the blood to the lungs/ 
to be mixed with oxygen; and, lastly, is pumped, with thti 
rest of the red nourishing blood, to every part of th|^ 
body. I 

* We need Dot refer to the lacteals, as their contents are afterwards! ' 
discharged into the blood. J 
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In Plants the focxl is iakiMi in, Ly rmijs ;iinl !i>avi's, 
in liquid or gaseous lorin, iiy <isiiiiisis. 'I’lic liquid iukcn iu 
by the root is passed Itoiii roll In cell Ly ( li(> sunn' luvn-i'ss id' 
osmosis ; it passes nj) lo lln- gn>t>n Imv.'s; is Muti' iiivp.nn'd 
(with other matters lakrii in liy lln' liuivcs) fur (lii« use i.f 
the plant, and thence disperses .-uid descends (<i nourish everv 
pai’t of the vegetable body. 

SUGGESTIONS TO TUB TEACHER. 

Let the children sliudy tlic pn'iH’iplti (if (»Ninn;.i:, for I lii'msrlvH.N ; irvin - 
the experiment mentioned in the h'-.son, nut mendy wiih wiiJor and sv?u|l 
but substituting other litjinMs fur ih<'.s<‘ arc.oriiing (n i in-ir ph-nsun*, and 
noting carefully the results in th(‘ diOVrurd I'nsi's. 

All that would be required for this would ho soino sound liiatldors and 
plain glass tubes. 


LESSON XIL 


THE GREEN LEAVES AND THEIR WOR 


1. J.S Organs of TraMsgnratioii. 

2. As Organs of Absorption. 

3 . As Organs of Respiration. 

Of all parts of tlie plant, the green leaves seem, or 
whole, to be the hardest worked. Their duties, indeec 
so many that I have resolved to spend our two rema; 
lessons in considering them in order, one by one. 

To me it is a labour of love, for the very look of \ 
leaves, waving in the sunshine, seems to bring a sool 
sensation of peace and health, and recalls invariabl] 
beautiful words : ‘^And the leaves of the tree were fo; 
healing of the nations.” 

That this is not a wholly imaginaiy feeling, you 
perhaps agree with me when we reach the end of 
lessons. 

Many trees and shrubs lose their leaves in the wint< 
you well know ; and in all cases the summer is by fa 
most busy season for these untiring little workers ; in 
many of their functions can only be properly fulfilled 
there is some warmth and sunshine. We will arrange 
many duties under five different heads, and will conside 
green leaves first 

As Organs of Transpiration. 

We have spoken of the rapid passage of the water 1 
up by tne roots from cell to cell, throughout the ] 
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EVAPOKATJON FROM TflF LKA F-.( 'KLLK. 9 5 

Supposing' there were no moans of g:otiino' rid of the supor- 
fluous moisture, what would liap|)on ? 

At certain times the plaiil would Ix'Cfmu* ^(jrg<‘d with 
water. The contents of tii(‘ colls wcnild tlicn he so tnuch 
diluted that they would ho as thin ns the lirphtl in the soil, 
and so no fresh food could (‘oino in hy Mio {>ro<*(*ss of osmosis. 
Things would be at a siandstill in tho plant., am! such a, 
state of stagnation would he very danynwous to its hdo. 

The green leaves guard ngninst this hy alhoving tin* su]>(‘r- 
fluous water to evaporate, t.hrouglj the nioirdu’am's of Ihm'r 
cells, as they spread tlicms(dv('s out. in the wa.rrn su nshim*. 
Thus the balance of tilings is (-(‘stored ; \]n^ noli eoahmis 
become thicker as ilie water is witJulraavn, and a fn^sh 
current, containing fn^sh food, is (*stab!ish(‘d from ihr cells of 
the rootlets to tlio.sc*. of tJie topumst, tsaves. 

Thus the leaves have a. duly sonictlung t hat of our 
skin, which is one of thi^ iiwajis by wlnh-h sup(‘rfluous juoistnr(‘ 
is removed from our system. 

You will now be abh^. to understa-nd why w«' often s{‘(‘ t in- 
leaves of a plant Oagiring on a liof, (li-y day, or in a warm 
room. The thirsty air is drinking i,lu> walnr IVoin l.lie cells 
at their surface more rapidly Mian tlu“ IVcsli Kn|)ply fniiit t in- 
roots can be sent up i.o till l,lu> lil,|.!t> ci.stcrns, and so tlicy 
get empty, and the plant droops. 

Plants intended by Nature 1o live in liot, dry soils, smdi as 
sandy deserts, have thick succulent, braves, c;vpable of nd.ain- 
ing the water in the iniK'r cadis ol tlit'ir Ih'shy stibslaiice 5 and 
the ‘Askin’’ of their hmms is thicker t.han that of ordinary 
plants, and does not easily allow the moislure toescapt'. llhiis 
Nature adapts her clrildnni to iJudr surroundings. 

But the business of tlu*. heaves is noii solely-, (jr ‘principally, 
to get rid of unwanted materia.L As wt^ iiav(3 s(‘(‘n befoiv! 
they, as well as the roots, are organs of absorption, and 
it is their duty to take in raw inal.erial from tlu^ aii-, as i,he 
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closed at niglit. I 

By these -little windows some of tlu^ woi’k of transpiration | 
is effected, and it is to be noted that few ^ 
or none are to be found in plants whose 
home is in the hot and arid desert. 

They are to be found in by far the 
greatest numbers on tlie under sides of 
le^ayes, tliese lu'iviug generally thinner 
and more delicate coverings than the 
upj)er parts. 

Now, it is principally through tliese little windows that the f 
gases and vapours, required for the plant’s nourishment, are 
taken in from the air. 

You have not forgotten how the green leaves absorb the 
carbon in this manner, have you ? And it seems to me that 
the best moment has come to stop and explain, as I promised 
to do in a former lesson, exactly what this kindly work is, 
which the leaves do for us when they drink in the carbon 
from the air, thus purifying ” it for our use. 

You are best acquainted with carbon as fuel, are you 
not ? Charcoal, coal, wood, all these contain much carbon, 
which makes them useful foi* burning in the fire. Now, this 
is just what carbon is required for in our bodies ; it is wanted ' 
as fuel. 


Fig. 29. 



Stomata, Magnified. 
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What is the fire that hums this fuel ? ” you ask. 

It is oxygen, the “good part of the air/’ as we have 
called it. 

When the oxygen in the air, which is taken in by our 
lungs, comes in contact with the carbon in the tissues and 
blood of oiir bodies, it mixes or combines with that carbon in 
a manner which has practically the same effect as burning 
it. Heat and force are produced, the tissues are destroyed, 
(you will here be reminded of our constant need of fresh 
food to make new tissue or substance), and a gas is produced 
which is the same as that produced by burning wood or coal 
in an ordinary fire. 

This gas has to be got rid of, and we breathe it out from 
our lungs continually. It is the carbonic acid gas of 
which I told you in that former lesson. 

ISTow you will perceive that^ although this gas is a combina- 
tion of carbon and oxygen, neither of these elements is of 
any use to us if breathed in again in this form ; for the 
carbon has been already “burnt” by the oxygen, so to 
speak. That is to say, the two elements have met and 
combined, the resulting heat has been produced, and now 
they are of no more use to us as long as they remain com- 
bined thus. 

If we had to breathe pure carbonic acid gas we should 
instantly die, in spite of the oxygen contained in it, because 
the oxygen could not free itself from the carbon and come 
to consume the fuel of our tissues, thus ]3roducing the heat 
and force necessary to carry on our life. 

At this point the kind green leaves come to our help. 

You cannot use that carbonic acid gas,” they say, “give it 
to us.” 

Welcome to it, indeed, dear leaves, but what can you do 
with it ? 

“We will take it into our cells,” say the leaves, “and, by 
the help of the blessed sunlight, ^Ye will separate those two 
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9B the green leaves and their works. 

eletueuts wliicb. this gas contains. Yon shall have the 
oxygen which you need to maintain your life, and we will 
keep the carbon to build up our green bodies.” 

Wonderful leaves, can you really do this ? What shoulc 
we do without your aid ? The carbonic acid gas would Tbt 
constantly increasing, and we should be helpless to separatt 
its elements, though dying for want of carbon as fuel, anc 
oxygen as lire, to maintain our life. This work of yours is j 
double blessing ; you store the carbon in your tissues for on 
future use, and you free the life-giving oxygen for our imme 
diate needs.* 

But do you need no oxygen yourselves ? 

Oh yes. ISTo life f can be maintained without oxygen 
besides which it is wanted, in certain cpiantities, for most c 
our manufactures. We shall keep a small portion of tha 
which we absorb froni the air ; but this is not our only mean 
of obtaining it. Our little servants, the white roots, ai 
constantly drawing water for us out of the soil, and, whe 
it reaches us, we do with, it as we did with the carbonic aci 
gas. We take it into our ceils and expose it to the blesse 
sunshine, and, by its help, we separate the little molecules ( 
water into their elements, oxygen and hydrogen. Thus v 
have plenty of oxygen ; and as to the hydrogen, we mix 
(or, as your chemists X say, ' combine it chemically ’) with tl 
carbon and make some wonderful substances out of the con 
bination. But this belongs properly to our manufactnrii 
business, and you have not come to that yet.” 

No, dear leaves, we must first ask a few more questioi 
about the oxygen, and why you absorb it. 


* Water plants have a similar purifying effect on water, by abstracti 
the carbonic acid it may contain, and freeing the oxygen. 

t Generally speaking ; though there may be some exceptional cases 
microbes existing without it. 

i The technical meaning of the word “chemist” should be explaim 
lest the children think we are speaking of a iDurveyor of drugs. 
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And this brings us, children, to tlie considembioii of leaves 
as organs of respiration, or breathing. 

All daylong the green leaves are occupied, as we Iiave sihmu 
in withdrawing the carbonic acid gas from the aii*, and 
separating it up into its elements. Ibit, for tliis process, t wo 
things are necessary, namely, light and chlorophyll 
(which you know is the green colouring matter ot the leaves). 
How, then, about the night time, and Iiow about the parts oL’ 
the plant which are not green ? Is tlic green world idl(‘ all 
night, and have those |)arts of the plant which are not gi’cM'Ui 
no work to do ? 

. Nay. All Life's children have their work for ea,eii liour ol 
their lives, though it may be different at diirenmt- times. 

When night falls, the cells which absorb and sj)lit nj) Mi(‘ 
carbonic acid must rest from that good work; a, ml now tliey 
truly breathe more like animals. In fact 1iu‘.y lakt^ in 
oxygen, and give out a small quantity (tliougii not nearly 
as much as they absorb during the day) of carbonic acid 
gas.’^ 

What do they want with this oxygen ? ddio factiories are 
not working at night, so it cannot bo needed for combinat ion 
with other elements to form food substances. 

What Ao loe want oxygen for? You rejuemlxu’ it is I In* 

* This true “respiration” of plants is supposed by some to goun all day 
as weU as at night, and in the green parts, as well as in tliose not, so 
coloured, simultaneously with the other process of absorption of (\arl)oiuc 
acid gas and liberation of the oxygen ; the chlorophyll, in the case of the 
green portions, having the power to regulate and ])alauco these l.wo pro- 
cesses, the former of which produces heat and force at tlie expense of 
tissue, whilst the latter provides the material for the repairing of tin* 
tissues, and for their growth. According to this view, plants broatllG at 
all times as we do (though more feebly, owing to their stationary and J(;ss 
active life), and feed during the day upon the carbon which they obtain 
by the disintegration of carbonic acid and consequent liberation of oxygen. 

It has been thought better, however, in these lessons to avoid all rchn'- 
ence to difficult or doubtful points, in order not to confuse the children’s 
ideas ; consequently this question is not touched upon herti. 
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great means of maintaining tlie heat of the body, by 
■ burning up the ‘internal fuel,” as we called it. 

Well, there is no life without so7nc heat, and though 
perhaps you never realised that the body of a plant had any 
warmth, yet so it is j and the oxygen is requhed for exactly 
the same purpose as with us — namely, to keep up that degree 
of warmth which is necessary for the maintenance of the life. 
Plants, however, requhe much less oxygen to support their 
cool and quiet lives than we do for our more active 
existence ; and, as we have seen, they require a large supply 
of carbon, which they are busy gathering from the air and 
storing up all day long. 

Note that oxyg&n is required for the production of heed 
and/orcc; carloii for the building np of the tissues and 
for growth. We shall expect, then, that where a special 
effort has to he made by the plant, more oxygen will be 
required ; and thus you will not be surprised to hear that, 
during the germination of seeds, and the flowering and 
fruiting of plants, oxygen is taken in, in considerable 
quantities, and carbonic acid given out. In fact, germinating 
'j seeds, flowers, and ripening fruits breathe as we do, and 
;| actually give out heat, which may be tested by a thermometer. 
I have myself tried the experiment with the flower of an 
oleander, in my room, by holding a common thermometer in 
such a way that the bulb touched the centre of the flower, 
taking precautions, at the same time, that neither my warm 
hand, nor the sunshine, nor any other cause should influence 
the quicksilver. In a few minutes a rise of more than a degree 
was recorded. Very much greater rises of temperature than 
this, however, have been observed to be produced by the 
flowering of certain plants. 

You see from all I have told you, that it is only the green 
parts of the plant which have a purifying effect upon the 
ail', and these only in the day-time. Flowers, and all parts 
not coloured green, take in oxygen as we do, and give out 
carbonic acid (though in smaller quantities than is the case 
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that wo liave to thank the great winds of God, which sweep 
across to us from warmer climes, where the sun shines, out of 
a cloudless blue, upon a luxuriant wealth of foliage, and an 
inexhaustildo supply of oxygen is ceaselessly being rendered 
up to the glowing air from the myriads of dancing leaves. 

These same winds bear away our excess of carbonic acid to 
.feed the hungry vegetation of tropical lands, and so the balance 
of thiiigs is maintained. 

. We must close our lesson here ; but I think you will be 
disposed to agree that, after all, I am not too fanciful in my 
belief tliat the loaves of our summer-clad trees bring health 
and refreshinont, and that indeed “ the leaves of the trees are 
for the .healing of the nations,” 

STIGG-ESTIOISr TO THE TEACHEH. 

The cliildron might make experiments to test the amonnt of oxygen 
given out; by diifcrent parts of a plant, thus : 

Let them take a bowl of fresh spring water, and immerse in it the 
green leaf, root, stem, flower, or whatever part is to be tested, so that it is 
completely covered by the water. 

Now let the tSowi be exposed to sunlight. If, after a time, a stream of 
little bubbles rises to the surface, these bubbles will be pure oxygen, pro- 
duced by the decomposition of the carbonic acid contained in the water. 

The experiment should then be tried of removing the howl into the 
shade, and observing whether the bubbles still continue to rise. The 
result of the observations made should be brought in writing. ^ 

N.B. — These experiments are far more likely to be successfully made if |;| 

?y«ii}r-plants are used. If leaves of land-plants are employed they should ; 

be soaked for a day before the experiment is tried. ■ j 
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THE GEEEH LEAVES AND THEIR WORKS 
(continued). 

4. As Organs of Mami fad are, 

5. As Organs of Digestion. 

As Organs of Manufacture. — We have arrived at our 
last lesson, children, and we are to spend it, not nnprofitalbly, 
as I hope, in the consideration of the works of the dear, busy, 
friendly, green leaves. 

I want to take you with me to the green factories once 
again. You will not fear lest you may be deafened with the 
noise, or covered with dust: you know Nature’s quiet ways of 
doing her great works by this time. 

See ! the raw materials are being brought, by many and 
various channels, to the great manufactory. Through cell 
and vessel, along ways and byways, through those little open 
mouths, the stomata, or permeating the delicate membranes 
of the surface cells — the supply is constantly arriving. It is 
not food ready for use, remember, it is only the elements of 
plant-food. And now we are at the threshold of the green 
factories” where it is prepared. Nowadays, in this adver- 
tising age, when eveiy manufacturer vies with his rival as to 
which can produce the most striking and startling “attention- 
fixer,” and when nothing can succeed, apparently, until the 
public have learnt to know its name to weariness, nowadays 
every manufacture of the smallest importance must have its 
iugenious and elaborate advertisement. So man thinks and 
so he acts. 
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But NntiD-e never ndvertises liei-self ; and, if we want to 
know what slio is doing, we must taJee the trouble to //o and sen. 

Here, however, I tliink, for your Ijenefit, we will put up 
one advertiaeiuent over the door of tlie “green factories”; 
and let us write it in very big letters so that we may feel that 
it is very important, and always to be remembered, 
ircre it is : 


CELLS provided with CHLOROPHYLL are 


the ONLY AGENTS for the 
manufacture of food from 
raw material. 

Tliat Only Agents ” looks very 
business-like, does it not? It is 
ratlicr n favourite expression in 
ordinary advertisements, but in 
tliis case it is no false pretension, 
l)nt a matter of real fact. 

Every part of the plant which is 
not coloured green must depend 
entirely for its food-supply on the 
cells containing those minute atoins 
of colouring matter called chloro- 
phyll ; and every plant which has 
no such cells — the mushroom, and 
toadstool, for instance — must live on food which has been 
prepared originally by such cells — decayed animal or vege- 
table matter, for instance. In fact, all cells not containing 
chloroph)^! are dependent on those that have it. 

We human beings, of course, are entirely dependent on 
tliose green leaves with their atoms of chlorophyll. 

What! You do not like this dependence of one upon 
another ? You want to be free and independent, and to owe 
nothing to any one ? Then you want to go back to the very 
lowest stex^ in the scale of life, and to take your place 
amongst those comparatively independent little cells, each 
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of wliicli “ does everything,” and can exist without aid from 
its neighbours. No. Let us follow wise, kind Nature, who 
teaches us that co-operation is the law of the higher life, and 
that it is by combining one with another, and interchanging 
services, that we must rise. 

The flower must depend on the leaf for its food, and the 
leaf must depend on the flower for the reproduction of its 
kind ; let each do his part faithfully, each being in turn the 
servant of his neighbour, and served by him. 

But come back to the factories with me. 

At night they will be closed ; when the light fails, those 
busy cells will rest from their labour of preparing the food. 
Then will be the time to irse up what has been made, and 
the growth of the plant will go on more rapidly than when 
its energies are employed in gathering and preparing the * 
material for its sustenance. You may notice this specially 
in little seedlings, after the first provision of nature for 
them, in the seed, has been used up. Life is a struggle for 
them ; all day long they are really too busy, collecting and 
cooking their food, to think about growing. But when night 
comes, and they must, perforce, rest from that labour, then, 
how they seem to shoot up in a few hours ! 

You hear people talk of growing weather ” ; what sort of 
weather is that ? 

When the sun is veiled, and the light is dulled, and 
softened ; when the atmosphere is warm and moist, then the 
energy of work in the green factories ” is slackened, and 
the plant is wooed and encouraged by the balmy air to put 
forth its strength in growth. Then every little cell draws 
in the nourishment prepared for it, and grows, and divides, 
and multiplies ; and the plant spreads and increases apace, 
for it is very growing weather,” we say. 

At night — in warm weather at least — this process is 
always going on, more or less, and, in consequence, the 
food prepared in the day is partly consumed during the 



Do not tliink tliat I can e,ityiilwin all tliat is going on here, ■ 

althongh I knoAv that the little inolecnlos of cliloro];)h.yll and i 

protoplasm are doing a nuirvelloua work; that, by tlie aid of the | 

sunlight, they are broalving iij) carbonic acid gas and water j 

into tlieir elements, and then combining the elements again [ 

(after setting free such portions as they do not recpiire) in I 

new and wonderful ways, whicli will render them fit for onr i 

use and that of animals. 

Often and often liavo onr chemists tried to imitate the 
marvellous processes which are going on in these factories. 

To some extent, after mucli patience and perseverance, they 
have succeeded ; a few of tlie substances made here have 
really been imitated by man. Yet there is much — very 
much — whicli entirely baffles the cleverest intellect ; and our 
men of science are still in doubt, and still disputing as to 
lioio the work is done in all its details. ‘ 

I need not repeat onr list of substances manufactured 
here, need I? You do not forget the starch, the sugar, || 

the oil, and all the other substances we mentioned in li' 

Lesson VI. ? j 

When you and I, or some animal, feed xxpoii these foods, j 

prepared for us here, what will be the result ? 

They will be burnt”' in. our body to produce force and |if 

energy, will they not ? ^1; 

Then these quiet green plants are really the source — the ,, 
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deep wells, so to speak — of all the energy and activity, all 
the life and movement of this busy earth. 

That thought makes one pause, in a kind 'of solemn 
wonder, at the marvellous chain of life which links every 
mighty action and every heroic deed with the humble green 
things upon the earth.” Truly, as the well-springs of energy, 
they may, in those very noble deeds for which they supplied 
the power, be said to bless the Lord, praise Him and 
magnify Him for ever.” 

But it is time for us to turn our thoughts to one more 
— and the last for our consideration — work of the green 
leaves. 

As we turn from the green factories ” look uj) once 
more at our advertisement, and remember the gi’eat import- 
ance of those particles of green colouring matter. 

If you see the leaves of your plants looking pale and 
yellow, be sure that, not only is it a sign of unhealthiness 
in the plant, but also it means that the power of manu- 
facturing food is failing ; and, unless you can find out and 
remedy the evil, the poor plant is in danger of dying of 
starvation. 

Perhaps you have put it i]i too shady a place, or perhaps 
you have watered it too much or too little ; whatever is the 
cause, the pale leaves are as much a sign of illness as pale 
cheeks would be with you. 

We turn now to the office of leaves — 

As organs of digestion. 

The starch, we will say, has been prepared in the 
leaves. 

If we examine the cells under the microscope, we shall see 
that they contain minute grains of starch imbedded in the 
proto^Dlasm. Now, these grains of starch are not wanted here. 
Starch, you know, is “ storage food,” and not fitted or intended 
to be immediately absorbed by the plant ; and it certainly 
must not remain in the factory, where it would be very 
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uicli in tlie way. Squib oi’ it is wanted at once to supply 
le needs of tlie growing portions of ili(‘ plant; and the 
imaiiider must he convoycMl to the slorelioust^s, wherever 
ley may l)e, to l)o laid ])y tlierc^ for future iis(\ Jhit how is 
to travel? for you know W(dl ])y ihis time that no solid 
ioni can pass from coll to cell, and tlie grains of sl.arch 
hicli each cell has maniilactured ar(’: solid particles, thougli 
iinitely small. 

The difficulty is overcome hy the'. ])resenrn in the cells of a 
il).stance, formed in tlu^ ])roto])lasni, called diastase, which 
IS the power, under certain circnmstanc(‘s and conditions, 
changing the 'w/w/v/Wr .s/rrrrA into a stilvhlc Miul 
died ^'glucose,’’ or gra])e-siigar."- 
Of what does this remind yon, cliildren? 

It recalls tlie digestion of starcli, in, our mouths, hy the 
’operties o;l: the saliva, wJiicl). c{)nv(‘rt it into sugar. And 
lat is exactly what the diastase in the leaves is doing. It 
digesting the starc.li (melting it up), and so rendering 
capable of travelling from cell to ctdl, till it reaches the 
’owing points where it is reejuired for immediate use. 

J)o you reniemher that, in Jjesson VI., I referred to this 
me digesting power in the little embryo pea or bean, 
id explained how, by tliis moans, it (and all other gerinin- 
ing embryos) wore able to convert wliatever store of starch 
ight have been laid up for tliem, in the seed, into a soluble 
gar? 

This process of digestion inust go on wherever food is 
id by, in store (for instance in all succulent roots, bulbs, 
•bers, etc.), before the nourishment is available for the use 
' the growing plant. 

The unselfish leaves, however, do not perform this act of 
gestion for their own benefit, but merely as a means of 
hveying the food which they have manufactured to its 
^stination. When it is to go to a point where growth is 
- It is first converted into dextrose, then into glucose. 
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l)roceediiig quickly, of course it is used up immediately on its 
arrival, and there is no question of storage. 

But supposing it is to be sent to one of the storehouses, 
to be put by as reserve-food, what then happens when it 
reaches the end of its journey ? It is in a state of solution, 
and it cannot be stored away thus. 

There is nothing for it but to turn it back into starch 
again. This work is performed by some cells containing 
I; little granules of protoplasm, which exactly resemble those 
granules in the leaf-cells which first manufactured the 
1;. starch, only that, in this case, they contain no chloro- 
I'v playll. You see their duty is simply to put the starch 
together again, not to make it out of the elements. 

Conjurers who profess to be able to pass a teacup through 
a wall, are usually regarded as having performed the miracle 
(in appearance) by clever sleight of hand; but here is ISTature 
performing, in actual fact, the marvel of passing a solid 
body like starch through many walls, one after another, and 
finally presenting it as solid starch again at the end of its 
travels. 

This work of digestion is the last of those five activities of 
the green leaves, of which we had to speak. We have seen 

I ‘ them (i) relieving the ])lant of its snj)eTjlmns molslvre, and 
thus encouraging the process 'of osmosis, which brings fresh 
supplies of food to every cell; we have seen them (2) 
alsorhing from the air vaponrs and gases ^ and reducing the 
hurtful carbonic acid gas to its useful elements, thus g)wnfg- 
mg oztr atmosphere ; we have ^vatc]led them. (3) breathing for 
^ the plant, to maintain its necessary degree of warmth ; we 
I have observed them (4) for the plant and 

I for ourselves in their quiet factories ; and, lastly, we have 
I seen them (5) digesting and distribitting the mamifaednred 
^ ■ food to its various destinations. 

Do they not seem to you perfect types of unselfish, un- 
tiring workers for others ? and will you not love- and rever- 
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ence the dear green leaves, and tend them carefully, if you 
have plants of your own ? 

We have come to the end of our course of lessons, children, 
but I hope you are far from being at the end of Nature’s 
lessons. Let me point you to her as your teacher. 

I can wish for you noiJiing bettor tlian to listen to her all 
your days, reverently, hmnhly, and Uyvinyly ; remembering 
always that her voices is the V oici*. (jf Him in whom we live 
and move and have our being ; and that, however deceptive 
appearances 3 nay be, she can never be at variance with His 
true teachings aird revelations, for Ho is in truth the God of 
Nature, and she is the expression of His Thought, thus made 
manifest to our senses. 

SUGGESTION TO THE TEACHER. 

Let the children Kcarcli for plants which have no green coloured parts, 
and try to asceriain how ihey arc living. 

In many cases only fungi will be discovered, but a quick-eyed child may 
come across a parasitic pkint-, such as one of the dodders ; or an autumn 
crocus, fed by the nourishment laid u^) in its corm by its now withered 
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Ciiscuta eurojKua, 103 


D 

Daisv, 26 ; green body of, 59, 60; 

lloretirof, 59, 60 
DesmoiUum gyrans, 53 
Dextrose, 107 

Diamond, a form of carbon, 35, 68 
Diastase, 107 

Digestion of starch in the mouth, 
41, 89, 107; of starch by the 
plant, 42, 44, to6, 107 ; of Iii(s 
by sundew, 55 ; of sugar in the 
store ach, 89 ; of solid matter 
by acid juice of root, 89, 91 ; 
leaves as organs of, io6~ioS 
Division of cells, 83, 84 
Dodder, 103, 109 
Drosera^ 54 
Duckweed, 78 
Dyes, 46 


E 

EgC 4 compared with a seed, 8 
Elements, 67 ; of starch, 42, 76 ; of 
sugar, 43, 67, 76; of protoplasm, 
68-74 5 of water, 70 ; of our 
bodies, 73 ; of cellulose, 75, 76 ; 
of salt, 87 ; of plant-food, 102 


Embryo, of buttercup, 10 ; of wall 
flower, 12; of maple, 13 ; varieties 
of, 15 ; germination of, 16 
Energy, plants well-springs of, 106 ; 

food burnt to produce, 105 
Evaporation from leaf -cells, 95 


F 

Factories, man’s, 31 ; shut at 
night, 32, 99, 104 ; of nature, 32, 
102-106 

Fermentation, 88 

Fibre, of flax and hemp, So ; of 
plantain leaf, 81, 82 ; in vessels, 
81, 82 

Fire of our life, 2, 97 

Flowers of daisy, 59, 60 ; oxygen 
absorbed by, 73, 100 ; of duck- 
weed, 78 ; heat given out by, 100 

Food of plants, in solution, 29, 87, 
88 ; mineral, 86, 87 ; manufac* 
tured by cells with chlorophyll, 
103 ; conveyed in solution to 
storage places, 107, loS 

Fungi, 25, 103, 109 


G 

GtERMINAtion, 16 ; of wallflower, 
12 ; requisites for, 16 ; of pea, 17 ; 
oxygen taken in during, 100 
Germinating seeds, sweet, 44 
Glucose, 43, 107 
Growing weather, 104 
Growth, a sign of life, 2 ; goes on 
principally at night, 32, 104 ; 
movements connected with, 
49-51; of plant by division of 
cells, 83, 84 
Gum, 45, 76 
Gutta percha, 46 
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H 

Honeycomb, cells in, 61 
Hop, movements in shoot of, 50 
Hydrogen, an element of starch, 42 ; 
an element of protoplasm, 70 ; 
an element of water, 70 ; an 
element of nitric acid, 71 ; ab- 
sorbed by roots and leaves, 73, 
98 ; combined with carbon, 98 


I 

India rubber, 46 
Iron, 87 


L 

Leaves, compared (i) to kitchen, 
{2) to stomach, 27 ; modified, 
20, 21 ; stomata in, 28, 38, 96 ; 
purifying work of, 37, 96-98, 
100, 10 1 ; absorption of carbon 
37 j 3S, 73j 96-9S ; skeleton, 
79; recipe for making skeleton, 
84 ; organs of transpiration, 94, 
95 ; succulent, 95 ; organs of 
absorption, 95-98; organs of 
respiration, 99, 100; organs of 
manufacture, 102-106 ; organs of 
digestion, 106-108 

Lemna minor, 78 

Life and its signs, i ; first appear- 
ing in protoplasm, 64, 67 ; organ- 
ising power of, 73 ; none without 
oxygen, 98 ; none without heat, 
100 

Light necessary for manufacturing 
process, 32, 99, 104 ; influence 
on growing parts of plants, 51 ; 
efiect of its withdrawal on 
flowers, 56 

Lime, 87 


M 

Magnesia, 87 
Malt, 44, 45 

Maple seed and embryo, 13 
Medicines obtained from plants, 39, 
40 

i\rembranes, composing the cell- 
walls, 63, 77, 89-91, 102 
Mimosa pudicay 53 
Mineral food of plants, 86, S7 
Motion a sign of life, 4 ; reflex and 
voluntary, 5, 6, 49 
Mould plant, 25, 26, 27 
Movements in plants, 4S-57 
Multiplication of cells by division, 
83, 84, 104 ; in the yeast-plant, 
88 

N 

Nervous system in plants, 49 
Nitric acid, 71 

Nitrogen, an element of protoplasm, 
71 ; in the air, 71 ; combined 
with hydrogen, 71; in vege- 
tables, 72 ; absorbed by roots, 74 ; 
not to be found in cell-walls, 76 
Nuclei, 65 

Nutrition, organs of, 27, 2S 


0 

Oil, 45, 46 ; in cells, 66 
Organs, of the body, 22, 24 ; wanting 
in lowest forms of life, 24; of 
nutrition, 27, 28 ; of absorption, 
28, 85, 95-98; of assimilation, 
28, 85 ; of transpiration, 94, 95 ; 
of respiration, 99, 100 ; of 

manufacture, 102-106 ; of diges- 
tion, 106-108 
Orchis, 33, 34 
Osmosis, 90-93, 95, loS 

H 
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Ovale, 20 

Osalis leaves sleeping, 56 
Oxygen an element of carbonic acid 
gas, 36 ; an element of starcb, 
42 ; an element of protoplasm, 
69 ; burning of the tissues by, 
69, 97 ; an element of water, 
70 ; forms one half of crust of 
earth, 70; absorbed by roots, 
leaves, and flowers, 73, 98-100; 
required for manufacturing pro- 
cess in leaves, 98 ; no life with- 
out, 9S; required to maintain 
heat, 100; brought by winds 
from the tropics, loi 


P 

PALekess, a sign of unhealthiness 
in plants, 106 

Pea, germinating, 17 ; movements 
of shoot of, 49, 50 
Perisperm, 10 

Phosphorus, an element of proto- 
plasm, 72 ; absorbed by roots, 74 
Pistil, 2T 
Pitch, 46 
Plantain, Si 
Plumule, iS^ 44 
Poisonous plants, 39 
Pollen, 21 

Pores of the skin, 2 
Potash, 87 

Primordial utricle, 77 
Protoplasm, the basis of life, 64, 66 ; 
work of the, 65, 66, 73-S4, 105, 
108 ; animal, 65, 76 ; meaning 
of word, 67 ; elements of, 67-74 ; 
never imitated, 68 


Q 

QUABTZ, $7 


E 

Kadicle, 16; sensitiveness of, 51, 

52 

Reflex movements, 5, 6, 49 
Re-integration of starch, 108 
Reproduction, 19, 20, 104 
Respiration, 99, 100 
Revolutions in growing shoots, 50 ; 

in radicle, 51 
Rings in vessels, Si, 82 
Root, cap to protect, 17, 51 ; com- 
pared to (i) back door, (2) to 
mouth, 27 ; sensitiveness of, 52 ; 
absorption of elements of food 

73 > 74 5 

by, 87, 91 

Rootstock of the daisy, 60 ; ceRs 
in, 61 


sS 

Salt, a necessary of life, 86, 87 
Saltpetre, 71 
Sal volatile, 71 
Sap, 7 S> 91-93 
Sarcode, 65 
Scale of being, 22-26 
Seed, 8-15 ; compared with an egg, 
8 ; of buttercup, 9 ; of bean, 10 ; 
of waliliower, ii, 12 ; of mai^le, 
12, 13 ; albuminous, 14 ; exalbu- 
minous, 14 ; 3 types of, 14, 15 ; 
store of food in, 20 
Sensitive plant, 53 
Sensitiveness to touch in tips of 
shoots, 50 ; in radicle, 51 
Silica, 87 

Skin, duties of our, 95 ; of leaves, 

95 

Sleep of plants, 56 
Soda, 87 
Sodium, 87 
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Solution, plant-food in, 29, 63, 85, 
87, 88, 107 
Spongioles, 89 
Stagnation, dangerous, 95 
Stamens, 21 

Starch, 41 ; elements of, 42, 76 ; as 
storage food, 41, 42, 44, 106- 
108 ; digestion of, 41, 42, 44, 89, 
106, 107 ; in cells, 66, 106 ; in 
leaves, 105 

Stem compared to (i) passage, (2) 
to throat, 27 
Stomata, 28, 38, 96, 102 
Storerooms of plants, ii, 19, 20, 33, 
34 

Sugar, 43-45 ; elements of, 43, 76 ; 

glucose or grape, 43, 45, 107 
Sulphur, an element of protoplasm, 
72 ; absorbed by roots, 74 
Sun, attraction of flowers towards, 
57 

Sundew, 54, 55 

Suspension of substances in liquids, 
29 ; of dust in air, 30 

T 

lAR, 46 

Temperature of germinating seeds, 
flowers, and ripening* fruits, 100 
Tissues renewed continually, 3 ; 
composed of cells, 6r , 62 ; through 


IIS 

which the sap passes, 92 ; burnt 
by oxygen, 69, 97 
Transmutations of matter, 34, 35 
'JTanspiration, organs of, 94, 95 
Tvollms, with abnormal leaves, 21 
Turpentine, 46 

V 

Utricl 15 , primordial, 77 

V 

Vacuoles, 75 

Veins of leaves, so-called, 79 
Vessels, 82, 92, 102; use of, 83 

W 

Wallflower seed germinating, 12 
Waste of tissues, 2, 3, 69, 97 
Water, in the air, 29 ; under differ- 
ing forms, 34, 35 ; elements of, 
70 ; absorption of, by roots and 
leaves, 73 , evaporation of, from 
leaf-cells, 95 
Wood-cells, So, Sr, S3 

V 

Yea ST- PLANT, 88 
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A COMPENDIOUS HISTORY OF 

ENGLISH LITERATURE AND OF THE ENGLISH LANGUAGE 
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By CHARLES DIXON. 

The Spacious Air. — The Open Fields and Downs. — In the Hedgerows. — On 
Open Heath and Moor. — On the Mountains. — Amongst the Evergreens. — 
Copse and Woodland. — By Stream and Pool. — The Sandy Wastes and Mud- 
flats. — ^Sea-laved Rocks. — Birds of the Cities. — Index. 

“Enriched with excellent illustrations. A welcome addition to all lilji-arie».’’ — IFest- 
mimier Review. 


tONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET. STRANffi 



EDUCATIONAL WORKS. 


II 


Third Edition, Revised and Enlarged. Large Crown 8vo, with numerous 
Illustrations. 3s. 6d. 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES, 
As Illustrating the First Principles of Botany. 

By J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Prof, of Bioloev, University College, Aberystwyth; Examiner in Zoology, 
University of Aberdeen. 

“ It would be hard to find a Text-book which would better guide the student to an accurate 
knowledge of modern discoveries in Botany. . . . The scientific accuracy of statement, 
and the concise exposition of first principles make it valuable for educational purposes. In 
the chapter on the Physiology of Flowers, an admirable rhum^f drawn from Darwin, Hermann 
Milller, Kemer, and Lubbock, of what is known of the Fertilization of Flowers, is given.” 
yournal of Boia7iy. 


POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBB. 

With Illustrations, Grown 8vo. Cloth. 2s, Cd. 

HOW PLANTS LIVE AND WORK: 

A Simple Introduction to Real Life in the Plant-world, Based on Lessons 
originally given to Country Children. 

By ELEANOR HUGHES-GIBB. 

The attention of all interested in the fidontifle Training of the Young is requested to this 
j>jiLi<JHTFUti.Y FRESH aiid CHARWING LITTLE BOOK. It ouglit to bo in the liauflB of every Mother 
and Teacher throughout tho land. 

“The child’s attention ia first secured, and then, in language simple, yet scientificallt 
AOCURATK.tho first lossoiis in plant-life are set before it.”— 'JYaitumZ Science. 

“In every way well calculated to make the study of Botany attractive to the young, — 
Scotsman 


With llluetrations. Crown Svo. Gilt, 2s. 6d. 

THE MAKING OF A DAISY; 

“WHEAT OUT OF LILIES 

And other Studies from the Plant World, 

A Popular Introduction to Botany. 

By ELEANOR HUGHES-GIBB, 

Author of JSoiv Plants Live and WorJi. 

“ A. BRIGHT little introduotiott to the study of Flowers.”— 0 / Botany. 

“ The hook will afford roal assistance to those who can derive pleasure from the study of 
Nature in tho open, . . . The literary stylo ia commendable.”— 

tO'NOOiH; CHAhLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



GENERAL PUBLICATIONS. 


SECOND EDITION. Medmin Svo^ IIandso 7 ne Cloth. 

Including all the Newer Developments in Photographic Methods, 
together with Special Articles on Radiography (the X-Rays), 
Colour Photography, and many New Plates. 

PHOTOGRAPHY : 

ITS HISTORY, PROCESSES, APPARATUS, AND MATERIALS, 

Comprising- Working Details of all the More 
Important Methods. 

By a. brothers, F.R.A.S. 


IV/TH NUMJSJiOUS lULL-PAGR PLATES BY MANY OF THE PRO^ 
CESSES DESCRIBED. AND ILLUSTRATIONS IN THE TEXT. 


“ A standard work on Photography brought quite Photography. 

“ A highly informative book. . . . We can cordially recommend the volume as a 

worthy addition to any library.” — Byiiish Journal 0/ Photograjky. 

“ The illustrations are of great beauty.”— 


Skookd Edition. With very Numerous lUustrations. Handsome Cloth, 6s. 
Also Presentation Ethtion, Gilt and Gilt Edges, 7 s. 6d. 


THE THHESHOLH OF SCIENCE 


Over 400 Simple and Amusing- Experiments in 
Chemistry and Physics. 




Bt C. R. alder WRIGHT, D. Sc., F. R. S., 

Late Lecturer 011 Chemistry, St. Mary’s Hospital Medical School. 

Well adapted to become the treasured friend of many a bright and 
promising lad. ” — McinchcYslcT Examiner. 


CHEMICAL RECREATIONS : A Popular Manual of Experi- 
mental Chemistry. With 540 Engravings of Apparatus. By John 
Joseph Griffin, F.C.S. Tenth Edition. Separately — Part I., 
Elementary, 2/-; Part II., The Chemistry of the Non-Metallic 
Elements, 10/6 ; or complete in one volume, 12/6. 


GILMER’S INTEREST TABLES. By Robert Gilmer. Corrected and 
Enlarged. Seve?iiee?itk Ediiio?i. i2mo. Cloth, 5s. 

THE ONLY AUTHORISED EDITIONS OF THE WORKS OF WILLIAM CORBETT. 
COBBETT (William) : COTTAGE ECONOMY. Eighteenth Edition, revised 
by the Author’s Son. F’cap 8vo. Cloth, 2s. 6d. 

FRENCH GRAMMAR. Fifteenth Edition. F’cap 8vo. Cloth, 3s. 6d. 

A LEGACY TO LABOURERS. New Editio 7 i. F’eap 8vo. Cloth, is. 6d. 

A LEGACY TO P.^RSONS. New Edition, F’cap. 8vo. Cloth, is. 6d. 
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EDUCATIONAL WORKS. 


If 

Third Edition, Revised, Enlarged, and Re-issued. Price 6s, net. 

A SHORT MANUAL OP 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D., F.R.S., 

And WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School. 

“An example of the advantages of the Systematic Treatment of a Science 
over the fragmentary style so generally followed- By a long way the best of the small 
Manuals for Students.*' — Analyst. 


In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERINC. 

By J. GROSSMANN, M.A., Ph.D., F.I.C. 

WITH A rilEPACE BY 

Sill WILLIAM RAMSAY, K.C.33., F.R.S. 

Contents.— The .Boalcer and its Technical Eiiuivalents.— Distilling Flasks, Liebig’s 
Condensers.— Fractionating 'J’ubes and their Technical Equivalents.— The Air-Bath and 
ts '.I'eclinical Equivalonts.~The Blowpipe and Crucible and their Technical Equivalents. 
—The Steam Boiler and other Sources of Power.— General Remarks on the Application 
of Heat in Chemical Engineering.— The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents. — Measuring Instruments and their Technical 
Equivalents.— Materials Used in Chemical Engineering and their Mode of Application.— 
Teel I ideal Research and the Designing of Plant.— Conclusion.— Chemicals and Materials. 
— INDMX. 

“Excellent. . . . Every student of chemistry attending a technical course should 
obtain a copy.”— C/icnizca? 


LABOEATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

Professor of Metallurgy In the Glasgow and West of Scotland Technical Oollege, 


OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR TBB OSE OF STUDENTS. 

With IlluBtrations. Fourth Edition. Crown 8vo, Cloth, 3a. 

“ A COMPACT LABORATORY GUIDE for beginners was wanted, and the want has- 
been WELL SUPPLIED. ... A good and nsefnl book,” — La/ticct, 


OUTLINES OF QUALITATIVE ANALYSIS- 

FOR THE USE OP STUDENTS. 

With Illustrations. Fourth Edition, Revised. Crown 8vo, Cloth, 3s. 6d. 

“ The work of a thoroughly practical chemist.”— Medical Journal. 

“ Compiled with great care, and will supply a want. of Education. 


ELEMENTARY METALLURGY: 

Inoludine the Author’s Practical Laboratory Course. 

[See p. 66 General Catalogue. 
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CHARLES GRIFFIN & CO.'S PUBLICATIONS. 


WORKS BY 

ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Formerly Prof essor of Electrical Engineering , The Glas. and IV, of Scot, Tech. Coll, 


PROFESSOR JAMIESON’S ADVANCED TEXT-BOOKS. 

In Large Crown Svo, Fully Illustrated, 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 8oo pp., over 400 [llustration.s, ii Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines, Fifteenth Edition, Revised. los. 6d. 

“ The Best Book yet published for the use of Students.” — Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Inchiding All the Inst. C.E. Exams, in (i) Applied Mechanics; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures ; 
(ii) Theory of Machines; Hydraulics. Also B. of E. ; C. and G. Questions, 
Vol. I. — Comprising 568 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part II.; Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 

“Fully maintains the reputation of the Author,” — Pract. Engitieer* 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

“Well and lucidly written.” — The Engineer. 

Each of the above volumes is coml>leie in itself and sold Separately, 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS 

Crown Svo. With Illustrations and Examination Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author’s larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 

“ Should be in the hands of every engineering apprentice.”— PrtfcJfzVrt/ Engineer* 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First- Year Students. With Stud. Inst.C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged, 3/6. 

“A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and dear.”— 

APPLIED MECHANICS (Elementary Manual of). 

For First-Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 
Questions. Seventh Edition, Revised and Greatly Enlarged. 3/6. 
The work has very high qualities, which may be condensed into the one word 
‘.CLEAR.’ ” — Science and Art, 


A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth 
Edition. [See p. 48 General Catalogue. 
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NAUTICAL worn 


^5 


GRIFPIN^S NAUTIC/SERIBS. 

Edited by BDW. BLAoRE, 

Master Mariner, First Class Trinity House CertUsoc. Inst. N. A. *, 
And Written, mainly, by sailorsjlors. 


“This admirable series."— “A veful series.’’— JV ottwre. 
“Every Ship should have the vf-HOLE Series as £ience Library. Hand- 
somely BOUND, clearly PRINTED and ILLUSTRATED.’’— jjZ Journ. of Commerce. 

The British Mercantile Marine : An Hisi Sketch of its Kise 
and Development. By the Editor, Capt. Biackmoi 6(L 

“ Captain Blackmore s SPLENDID BOOK . . . conkragraphs on every pomt 

of Interest to the -Merchant Marine. The 243 pages of \ok are THE most valu- 
able to the sea captain that have EVER been compiled. Sei'vice Review. 

Elementary Seamanship. By D. Wilson.;er, Master Mariner, 

F.B.S.E., F.E.G.S. With numerous Plates, two iours, and Frontispiece. 
Fourth Edition, Thoroughly He vised. With addibiaustrationa. 6s. ^ 

“This admirable manual, by Capt. Wilson Bars the ‘ Worcester, seems 
to us PERFECTLY DESIGNED. "—At/ift?ioeum. 

Know Your Own Ship ; A Simple Bxplanntf the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By THiALTON, Naval Arcnitecc. 
Ninth Edition. 7a. 6d. 

“Mr. Walton’s book will be found very useful."— S jipmfler. 

Navigation : Theoretical and Practical. D. Wilson-Baeebb 

and William Allingham. Second Edition, Revised. 6d. . 

“Precisely the kind of work required for the Nevtihcates of competency. 
Candidates will find it invaluable."— D undee? Advertise 

Marine Meteorology: For officers oF theirchant Navy. By 

Wiliia,£ Almnoham, First Class Honours, Navigation, nee and Art Department. 
With Illustrations and Maps, and facsimile reproduc of log pag®- 
“ Quite the best Publication on this subject."— 


Latitude and Longitude : How to find thei By W. J. Millar, 
C.E. Second Edition, Revised. 28. 

“ Cannot bub prove an acquisition to those studying Naviou.’’— iifarwie Enfifineer. 

Practical Mechanics Z Applied to the requiaeDts of the Sailor. 
By Thos. AIaokenzie, Master Mariner, F.R.A.S. SboonIdition, Revised. Ss. 6d. 

‘ Well worth the money . . . exceedingly helpfu— S hipping IToria. 

Trigonometry : For the Young Sailor, &o. Byica. C. Buck, of the 
Thames Nautical Training College, H.M.S. “ Worcester^i-Hnui BWHON, Bevisea. 
Price 3s. 6d. 

“This eminently practical and reliable volume." — Schenaster. 


Practical Algebra. By Kich. C. Buck. Com,nion Volume to the 
above, for Sailors and others. Second Edition, Revised. Price 3s. 6d. 

“ It is JUST THE BOOK for the young sailor mindful of progrs."— Magazine. 

The Legal Duties of Shipmasters. By Beneict Wm. 

M.A., LL.D., of the Inner Temple and Northern Circuit: Irrister-at-Law, SECOND 
Edition, Thoroughly Revised aud Enlarged. Price 4s. 6d. ^ 

“ Invaluable to masters. . . . We can fully recommed \t."— Shipping Gazette. 


A Medical and Surgical Help for Shipmasters. Including First 
Aid at Sea. By Wm. Johnson Smith, F.R.C.S,, Principal Jedlcal Officer, Seamens 
Hospital, Greenwich. Third Edition, Thoroughly Revises 6s. 

“ Sound, judicious, really helpful."— r/ie Lancet. 
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CHARLES GRimN A CO.* 8 PUBLICATIONS. 


Thirteenth Edition, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 65. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 
INTERmED IN SANITATION, 

By GEORGE REID, M.D., D.P.H., 

Ftliaitt,, Mem. Council^ nnd Examhiey, Sanitarv Insiiiztte of Great Britain. 
a9td Medical Ogicer to the Staffordshire County Council. 

irailtb an appenblj on Sanltacg Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for the County Borough of West Bromwich. 

General Contents. — Introduction. — Water Supply: Drinking Water, Pollution oi 
Water. — Ventilation and Warming. — Principles of Sewage Removal. — Details of Drainage ; 
Refuse Removal and Disposal.-Sanitar\' and Insanitary Work and Appliances. — Details of 
Pin mber.s’ Work. — House Constmcdon. — Infection and Disinfection.— Food, Inspection pf; 
Characteristics of Good Meat; Heat, Milk, Fish, &c., unfit for Human Food.— Appendix : 
Sanitary,' Law; Model Bj'e-Laws, .yc. 

“ A \TRY USEFUL HANDBOOK, with a very useful -Appendix. We recommend it not only to S.ANITARV 
Inspectors, but to Householders and all interested in Sanitary Matters.”— N.rwL'.iO' Record, 


In Handsome Cloth. With 53 Illustrations. 3?. 6d. net. 

LESSONS ON SANITATION. 

By JOHNWM. H.ARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mini, and County Engineers; Surveyor, Wombwell, Yorks. 

Contents.— Water Supply.-Ventilation.— Drainage.— Sanitary Building Construction.— 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Common 
Lodging-Houses. — Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
the Working-Classes Act. — Slop Hours Acts, — Sale of Food and Drugs Acts. — The Mar- 
garine Acts. — Sale of Horsefiesh, &c., Rivers Pollution.— Canal Boats Act. — Disea.ses of 
Animals. — Dairies, Cowshedsand Milkshops Order. — Model Bye-Laws. — Miscellaneou-s. — 
Index. 

“Accurate, reliable, and coaipiled with conciseness and care.” — Sanitary Record. 


Second Edition, Revised, in Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Ptactioal Manual of Jown Drainage and Sewage and Refuse Disposai. 
For Sanitary /uthorlties, Engineers, inspectors, Architects, 
Contractors, and Students. 

By FRANCIS WOOD, A.M.Insi'.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham; late Borough Engineer, Bacup, Lancs. 

G-BNEBAL CONTENTS. 

Introduction.— Hydraulics.— Velocity of Water in Pipes.— Earth Pressures and Retaining 
Walls. — Powers. — House Damage. — Land Drainage. — Sewers. — Separate System. — Sewage 
Pumping. — Sewer Ventilatim. — Drainage Areas.— Sewers, Manholes, &c. — Trade Refuse. — 
Sewage Disposal Works. — Bacterial Treatment. —Sludge Disposal. — Construction and 
Cleansing of Sewers. — Refuse Disposal. — Chimneys and Foundations. 

" The volume bristles with mf»rmation which will be greedily read by those ia need of assistance. The 
book Is one that ought to be on tiie bookshelves of EVERY PRACTICAL ENGINEER.'’— J^ournat. 

“ A VERITABLE POCKET CO.MPENDiUM of Sanitary Engineering. ... A work which may, in 
many respects, be considered as COMPLETE . . . commendably CAUTIOUS . . , interesting 
. . . SUGGESTIVE ."— Health Engineer, 
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